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Abstract of a thesis submitted in partial fulfilment of the requirements for the Degree of M.ApplSci 
Modelling the Benefits of an Inland Port for Christchurch 
by 
M. Burgess 
 
This research models the effect of a future inland port for Christchurch. This facility is not currently 
planned but is mooted as a means of reducing the vehicle-kilometres travelled (VKT) by heavy 
goods vehicles. This could lead to multiple environmental and social benefits by reducing the 
externalities caused by the transport of container freight. These include reduced road congestion, 
reduced fuel and energy use and lower CO2  emissions. This is in addition to economic benefits 
such as further opportunities for the hubbing of goods and for the optimisation of network 
systems, improved service levels for freight operators and greater consolidation of freight 
activities.  
 
This facility is proposed for the Islington area due to its strong road and rail links, the benefits of 
having a second distribution point across town from the port, the large numbers of transport and 
logistics operations based in this area and also the limitations on the use of land arising from the 
noise of the nearby International Airport. 
 
In this research real world data on container movements within Christchurch were gathered from 
container transport operators.  As a means of accounting for the variance in activity between 
weeks, these data were collected for both an average week and a busy week (self-selected by 
operators). These data were then coded and entered into an Excel spreadsheet to establish a 
baseline against which two potential future scenarios could be compared. These scenarios are an 
inland port only scenario where containers are distributed entirely out of an Islington inland port 
and a hybrid scenario where containers are distributed out of both Islington and the existing 
CityDepot located in Woolston (albeit used in a greatly expanded capacity).  
 
By altering the spreadsheet to take into account these alternative distribution structures it was 
possible to compare the vehicle-kilometres travelled (VKT) in each of the three scenarios studied 
(the baseline scenario; the inland port only scenario; or the hybrid scenario). This includes the 
assumption that the containers would be moved to the inland port by rail and then distributed by 
road. Using these VKT figures in conjunction with those for rail fuel usage calculations were then 
conducted to determine the impacts of these scenarios on congestion, fuel and energy usage and 
CO2 emissions. 
 
This analysis has shown that while the inland port only scenario sees considerable savings in 
vehicles-kilometres travelled (17%) and overall congestion (12.4%) it will actually increase energy 
usage and the resulting externalities due to the large number of across town rail journeys- leading 
to a negative environmental outcome over the baseline.  
 
iii 
The hybrid scenario, however, not only results in larger savings in regards to VKT and congestion 
(both 42 %) but also sees a 23% reduction in fuel, energy use and CO2 emissions. As such this is the 
recommended scenario assuming that the issues of cost, stakeholder buy-in and supply chain 
communication can be overcome. 
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Inland ports; dry ports; container freight; container movement modelling; Christchurch freight 
movements. 
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1.0 INTRODUCTION 
 
1.1 Setting the Scene 
 
With container volumes of 274,000 TEU (twenty-foot equivalent units) in the last financial year 
(Lyttelton Port Company (LPC), 2010) the port of Lyttelton is New Zealand’s largest South Island 
port. Located 12 km from Central Christchurch, Lyttelton is separated from the city itself by the 
Port Hills. Both road and rail tunnels connect the port to the Hillsborough/Ferrymead area, with 
Sumner Road providing an alternative route over the hills between Sumner and Lyttelton.  
 
LPC also operate the CityDepot inland port in Chapmans Road, Woolston, approximately 6 
kilometres travel from Lyttelton by road. This facility stores up to 7,000 TEU of containers, 
provides 14,000 square metres of covered warehousing and offers container repair and pre-
tripping services (LPC, 2009). The location of both the port itself and the CityDepot site are shown 
in figure 1 below. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Basemap: Bing Maps Road, 2011) 
Figure 1: Christchurch Overview 
 
 
Lyttelton Port
 
 
CityDepot
 
Christchurch CBD
 
Proposed Inland Port
 
Legend 
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1.2 Aim 
 
The aim of this research is to model the effect of a future inland port located in the Islington area 
(shown in figure 1 above), to quantify the potential benefits and to investigate whether current 
practices can be made more efficient.  
 
 
1.3 Objectives 
 
 To provide an overview of the New Zealand port sector and the impact of national issues 
on a future Christchurch inland port 
 
 To examine the theory of an inland port including the effect of an inland port on supply 
chain structure, the justification for an inland port and the challenges to the success of an 
inland port 
 
 To gather and assemble data on container movement within Christchurch 
 
 To model the current movement of containers to and from Lyttelton Port to provide a 
baseline for further comparison 
 
 To identify alternative container distribution structures via analysing two possible future 
scenarios in addition to the status quo 
 
 To identify and quantify the benefits of an inland port  
 
 To determine if the creation of an inland port for Christchurch would be a worthwhile 
endeavour  
 
 
1.4 Methodology 
 
The approach taken in this research was to gather and analyse real world data on container 
movements to and from the Port of Lyttelton. This involved liaising with Christchurch container 
transport companies to obtain information about their container movements over set periods of 
time (an average week and a busy week). These data were then coded and entered into an Excel 
spreadsheet for analysis. From this analysis it was possible to compare the vehicle-kilometres 
travelled (VKT) in each of the three scenarios studied (the status quo; distributing solely from an 
inland port in Islington; or distributing both from Islington and the CityDepot). This includes the 
assumption that the container would be moved to the inland port by rail and then distributed by 
road. Using these VKT and rail figures calculations are then conducted to determine the impacts of 
these scenarios on congestion, fuel and energy usage and CO2 emissions. 
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1.5 Structure 
 
The structure of this thesis consists of three parts; a literature review, a case study and an analysis. 
 
The literature review provides a national overview of the New Zealand port sector and the issues 
that it experiences as well as discussing the theory of an inland port and how an inland port could 
work to mitigate many of these issues that have been identified. 
 
The case study provides an overview of the Christchurch context and of the Port of Lyttelton itself 
as well as examining two possible future scenarios; one seeing containers distributed entirely out 
of an Islington inland port and a hybrid scenario where containers are distributed out of both 
Islington and the existing CityDepot (albeit in a greatly expanded capacity). These are discussed in 
more detail in chapter 4. 
 
The analysis uses spreadsheet modelling to calculate VKT for each of the three scenarios studied 
(including the status quo). From these results the externalities produced in each of the scenarios 
have been determined and compared. This is followed by a discussion of the implications of these 
results. 
 
 
1.6 Limitations 
 
This research operated in an area of commercial sensitivity. This raised an issue in regards to 
sample size as while several operators were willing to provide data under the conditions of 
anonymity and confidentiality; many operators in Christchurch were not, either due to a lack of 
time or due to the difficulties inherent in gaining the confidence of the industry. However, with 
some assistance from the Chartered Institute of Logistics and Transport and through contacts with 
a former employee of one of the firms it was possible to get three operators, representing 
approximately 11% of the sector to become involved. While the destinations serviced by these 
firms were relatively similar in their general location it is possible that other operators may have a 
different client base that is focused around different geographical areas. As such, there is likely to 
be some degree of variation between the scaled up results modelled in this research and reality 
due to a lack of access to data for all operators. 
 
Another limitation is the effect of the significant earthquakes that hit Christchurch in September 
2010 and February 2011 which disrupted normal activities. As a result, data collected for this time 
period and the immediate aftermath (the month following each of the major earthquakes) has not 
been used as it is unlikely to be representative of normal transport operations. In addition, there 
remains considerable uncertainty in regards to the future shape of Christchurch as not only has 
the situation changed in the period since the data were collected, it is also continuing to change 
and would be expected to do so for some time. This poses considerable difficulties in applying the 
results of this research to reality.  
 
4 
While these are the most noticeable obstacles a more detailed overview of the limitations 
encountered in the data collection and spreadsheet modelling processes can be found at the end 
of the results and analysis chapter (6.0).  
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2.0 THE NEW ZEALAND PORT SECTOR 
 
2.1 Introduction 
 
This chapter highlights the New Zealand port sector and the challenges that it must face. This is 
the operating environment in which an inland port must compete and as such influences both the 
need for an inland port and the shape that any such facility will take.  
 
 
2.2 Port Activities and Volumes 
 
New Zealand has ten container ports, with the Ports of Auckland (POAL) the largest in terms of 
container volumes (867,000 TEU for the year ended June 30, 2010 (POAL, 2010)), though a recent 
loss of business to Tauranga (caused by a combination of ongoing labour disputes in Auckland and 
Tauranga’s greater efficiency) has occurred in the period following the publication of those figures. 
Auckland’s volumes are due to both the consumption demand derived from its population and the 
desirability of being located close to the largest retail market. This encourages national or North 
Island distribution centres to choose Auckland over other possible locations. Therefore, Auckland’s 
container volumes are weighted significantly towards imports with an imbalance of nearly 80,000 
TEU more imports than exports in 2010 (Worsley, 2011). 
 
New Zealand’s second largest container port and largest port in terms of total cargo volume is 
Tauranga. It is an export-dominated port with an imbalance of nearly 80,000 TEU more exports 
than imports (Worsley, 2011). This imbalance is one factor behind the Port of Tauranga’s 
continued push into the import heavy Auckland market. Balancing the flow of both imports and 
exports allows port infrastructure to be used more efficiently, achieving savings for the supply 
chain as a whole.  
 
Figure 2 below shows the dominance of these two Upper North Island ports in terms of container 
trade, handling more TEU between them than the rest of the country combined. Other significant 
ports (in terms of container volumes) are Lyttelton and Dunedin, the South Islands largest ports. 
Like Tauranga, Dunedin is weighted more towards exports with an imbalance of 40,000 TEU 
whereas  Lyttelton is in the enviable position of being a balanced port with approximately equal 
volumes of both import and export containers (Worsley, 2011). 
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(Port Company Annual Reports, 2011) 
Figure 2: TEU per annum for the Year Ending 30 June 2010 (Nearest Thousand) 
 
 
While small numbers of containers travel through Northport (located at Marsden Point, 
Whangarei) the amount was not included in the ports annual report and is generally considered to 
be minimal, as such Northport has been omitted from the above figure. Similarly it is possible to 
 
Auckland 
867,000 TEU 
Lyttelton 
274,000 TEU 
Dunedin 
219,000 TEU 
Napier 
181,000 TEU 
Nelson 
86,000 TEU 
New Plymouth 
38,000 TEU approx 
Timaru 
45,000 TEU 
Tauranga 
511,000 TEU 
Wellington 
99,000 TEU 
Bluff 
29,000 TEU 
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barge limited numbers of containers into other smaller ports; however, these amounts are not 
significant. 
 
The focus in this overview has been on container freight as that is the cargo type being modelled 
in this research. It must be remembered, however, that ports handle multiple types of cargo- not 
just containers. Many ports enjoy considerable trade in bulk materials including forestry (various 
locations), oil and gas (Northport and New Plymouth), aluminium (Bluff) and coal (Lyttelton). As 
such port size and container volumes are not necessarily synonymous as these bulk cargoes ensure 
the viability of the more specialised (and often smaller) ports irrespective of their relatively low 
container volumes. 
 
 
2.3 Port Issues 
 
This section highlights the many issues that the New Zealand port sector must overcome. These 
issues are not unique in and of themselves but in concert result in unique challenges. These 
include the unbalanced nature of container flows; the need for specific container types; issues 
relating to the use of larger ships; shipping and port costs; supply chain relationships that often 
involve power imbalances; the need to connect with a ports hinterland; port ownership 
considerations; and also labour issues. These factors must all be taken into account when 
considering an inland port as these are the challenges that must be overcome if it is to succeed. 
 
 
2.3.1 Unbalanced Flows 
 
One of the key problems facing the container transport industry is the difficulty in getting empty 
containers to where they are needed. This is a result of both general trade imbalances but also 
from regional specialisation. 
 
New Zealand has a significant imbalance in trade towards exports with far more full containers 
leaving New Zealand than entering (New Zealand Productivity Commission, 2011). This creates 
logistical challenges as empty containers can be difficult to acquire at peak times, requiring empty 
containers to be shipped in from Australia, with estimates suggesting that approximately 30% of 
the containers travelling through New Zealand ports are empty (NZPA, 2009). 
 
These imbalances are not limited to a national scale but also occur between regions as some are 
weighted more towards the consumption of goods (such as in Auckland), with others weighted 
towards production instead (usually in rural areas given the agricultural nature the New Zealand 
economy). 
 
As a result many containers arriving in Auckland must be emptied and moved inter-regionally to 
exporters before they can be used to ship goods overseas. This is of particular importance when 
one considers that moving empty containers adds no value to a supply chain, it is simply an added 
cost that must be carried. Minimising these empty movements is an important element in 
maintaining supply chain competitiveness.  
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A consequence of these flows is that many international vessels will first call at Auckland to unload 
import cargoes before then calling at one of New Zealand’s main export ports having created room 
on the vessel for the export containers that they will take on. 
 
 
2.3.2 Specific Container Types 
 
The difficulty of uneven volumes and flows is compounded by the large variety of container types 
that are needed to transport different products. In addition to the standard 20 and 40 foot 
distinctions there are a variety of sub-types within these size ranges including hardtops, open-
tops, flat racks, platform, ventilated containers, refrigerated containers (reefers), bulk, insulated 
and tank containers (TIS, n.d), as well as various grades of container condition and quality that may 
be required for a particular purpose.  
 
This poses an issue in that most of the containerised goods that we import are manufactured 
products which can be easily stored in a standard container, whereas approximately 25% of our 
exports are agricultural goods that require refrigeration (New Zealand Shippers Council, 2010). In 
2008 New Zealand exported 192,000 TEU of reefer containers while importing only 28,000- 
requiring 164,000 TEU of empty reefer containers to correct this imbalance (Cubic, 2009). As a 
result transporting the right container, to the right place and at the right time can be a 
considerable challenge.  
 
 
2.3.3 Larger Ships and Higher Peak Flows 
 
Since the 1980’s the size of container vessels calling in New Zealand ports has increased from 
approximately 700 TEU to 3,000 TEU, a fourfold increase (Auckland Regional Holdings, 2009). By 
International standards this is still quite small given that some newer vessels used on foreign 
routes can hold more than 14,000 TEU. It is unlikely that these vessels would ever be commercially 
viable on New Zealand routes (nor would they be able to call given current port depths and 
infrastructure) but vessels of 5,000-7,000 TEU are indeed possible. In 2005 ships over 4,000 TEU 
provided 43% of available container slots, whereas by 2013 they are expected to account for 66%, 
with 80% being forecast by 2030 (Paling, 2009).  
 
Larger vessels offer considerable cost savings when used at or near full capacity; the cost of 
transporting a container on a 14,500 TEU ship is almost half that of a 3,500 TEU vessel (Auckland 
Regional Holdings, 2009). Though such a vessel is impractical in the New Zealand context a New 
Zealand Shippers Council analysis (2010) suggests a saving of 26% per TEU can still be achieved by 
moving from 2,600 TEU to 6,500 TEU vessels- something that is possible in the near future. 
 
Servicing these larger ships poses considerable difficulties for New Zealand ports. These larger 
ships require increased draught space and berth lengths, as well as larger cranes to load and 
unload- infrastructure that is expensive to acquire and which may not be used to their full 
potential on a regular basis due to the smaller numbers of larger vessels visiting.  
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These ships also result in larger peak flows in the number of containers that need to be moved at 
one time. This is compounded when one considers that weight distribution issues on vessels often 
require empty containers to be loaded on the top of a ship. Frequently these containers will not be 
offloaded at the first port of call (often Auckland) but will be offloaded at a second port of call in 
an export heavy region. Temporarily unloading these empty containers to access the full import 
containers beneath requires increased port space adjacent to the wharf and adds cost to the 
whole process. This is in addition to storing containers that are awaiting pick-up by transport 
operators who for practical reasons cannot all collect the container immediately upon its arrival. If 
a larger number of containers are being offloaded at one time then more storage space is required 
and the port must either expand or implement more efficient processes. 
 
This is compounded when one considers that many New Zealand ports have limited expansion 
opportunities due to geographical constraints; traditionally as a result of early settlement and 
development occurring around a port. As two examples Auckland’s Waitemata Seaport is located 
in the central city and faces pressure from other land uses such as waterfront development, 
whereas Lyttelton Port is surrounded by the township of Lyttelton limiting on-land expansion 
opportunities and requiring land reclamation to occur. As a result of these constraints the 
expansion of port sites to accommodate an increasing number of containers is problematic. This is 
particularly noticeable when one considers that waterfront land is generally very highly sought 
after and hence valuable- part of the motivation behind the relatively recent development of 
former port space in Auckland such as the Viaduct Harbour and the Wynyard Quarter. 
 
 
2.3.4 Shipping and Port Costs 
 
New Zealand ports (even Auckland and Tauranga) are small by world standards. As a comparison 
two and a half times as many containers travel through Australia’s six main ports than do New 
Zealand’s ten container ports, with the Australian ports being located more than four times further 
away from each other than those in New Zealand (Auckland Regional Holdings, 2009). This creates 
difficulties in gaining the benefit from economies of scale and also in attracting regular ship visits 
as the small and fragmented nature of the New Zealand port sector is more costly to service.  
 
Given the well documented (Heymann, 2008; Kumar, 2009; Jung et al., 2009) difficulties 
experienced by shipping lines there has been an increasing drive towards cost savings and 
economy. Internationally this has led towards hub-and-spoke shipping models where larger ships 
call at fewer ports that aggregate regional freight. In the New Zealand context one would expect 
that this would most likely occur at the ports of Auckland, Tauranga, Lyttelton and Otago (Steed, 
2010), though not necessarily all at once. If steps are not taken to accommodate these vessels 
there is a danger that New Zealand could be seen as a spoke of one of the Australian ports- a 
situation that would result in longer shipping times and lower levels of service for both importers 
and exporters. Building the infrastructure to accommodate these vessels is expensive and given 
the traditionally low return on investment for port infrastructure (Auckland Regional Holdings, 
2009) is difficult to justify in the short-term. Given the low switching costs and intense competition 
between ports it is difficult to recover this increased investment through increased berth fees, 
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even though such investment may indeed be necessary to ensure a ports long-term survival. This 
places many ports in a difficult position. 
 
 
2.3.5 Reliance on Other Supply Chain Members 
 
New Zealand’s ports (and the country’s exporters in general) are very reliant on overseas shipping 
firms - who in essence operate as an oligopoly. No matter how efficient their internal processes, 
the amount of containers that can be handled by a port and the speed with which these goods can 
be brought to market is ultimately dependant on the frequency of calls by shipping lines. The hub 
and spoke scenario described earlier would likely see larger ships visiting less frequently, 
increasing the length of time containers take to reach their markets. Similarly some shipping lines 
have begun steaming at a slower speed as a means of saving fuel and reducing the cost to the 
shipping company. This is at the expense of longer times to market for the export/importer (Weir, 
2011), causing great concern for exporters of perishable products such as meat that are suffering 
from shorter shelf-lives in European markets. 
 
As a nation we have relatively little influence over these decisions and are in many ways 
vulnerable to changes (particularly withdrawals of service) due to our high reliance on export 
earnings as a nation. This is highlighted by the fact that in 2008 available container slots into or out 
of New Zealand decreased by between 250,000-300,000 TEU (Paling, 2009). This has made it 
increasingly difficult to secure container space on vessels with a need to book up to eight weeks in 
advance and with some containers being left on the dock during peak season (Smith, 2010).  
 
Similarly, New Zealand Ports are also very reliant on certain customers - particularly primary 
producers such as Fonterra. As an example Port Taranaki lost 25,000 TEU of business when 
Fonterra announced that two-thirds of the product from the Whareroa plant in Taranaki would be 
sent by rail, primarily to Auckland, a loss of approximately 40% of the TEU moving through the port 
(Port Taranaki Ltd, 2010). This shows the difficulties that ports face in that there are relatively few 
barriers to a customer switching between one port and another (particularly if a producer is based 
in an area between two ports) and as such may well decide to switch if offered a better price or 
service. This opens ports to increased risk as a port may be left with excess capacity or 
infrastructure, discouraging ports from committing to significant investment. As a result of this low 
switching cost inter-regional competition over a relatively small number of larger customers can 
be intense and in some cases counter-productive as the ports are played off against each other. 
 
 
2.3.6 Port Ownership 
 
Port ownership is another issue in that New Zealand’s ports are largely owned by local and 
regional government- even though many ports are publicly traded and listed on the New Zealand 
Stock Exchange. This encourages a very regional and competitive focus as well as further reducing 
the opportunities for consolidation and amalgamation. In many cases it could be argued that 
unnecessary duplication of investment has occurred as multiple small ports compete for the same 
business, potentially at a higher cost than a more consolidated solution. This is of particular 
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concern when one considers that due to the ownership structure these costs are being borne 
primarily by ratepayers.  
 
As a result of this public ownership many international trends have not occurred in New Zealand, 
principally in terms of a lack of port consolidation but also in the failure to attract private 
investment into new infrastructure (Auckland Regional Holdings, 2009). There are many overseas 
examples of shipping companies and other interested parties establishing container terminals, in 
the form of both traditional sea ports and inland ports with Maersk alone operating 57 through 
their subsidiary APM Terminals (APM Terminals, n.d). Given the costs involved in accommodating 
larger ships it is important to attract investment into developing our ports, a difficult task given 
that revenue margins (revenue / assets) have fallen steadily since 1998 (Paling, 2009). This 
suggests that under the current structure it may not be commercially viable for many ports to 
invest sufficiently to meet peak demand or to cater to larger vessels, even if there are benefits to 
be gained by the wider supply chain from doing so.  
 
Being Council owned also opens ports to political pressure and interference. In many cases there is 
a general conflict between the best interests of the port and its shareholders (the public as a 
whole) versus the interests of often vocal groups of voters opposed to further development. As a 
result there is always the possibility for ports to be perceived as receiving “special” treatment and 
as such often operate under stricter controls and greater public scrutiny than would otherwise be 
the case if they were a private entity- potentially reducing port competiveness and development. 
There is also a conflict-of-interest in that many councillors and local body political parties have a 
very close relationship with labour unions, environmentalists or other interest groups and as such 
ports can find themselves in a difficult position in respect to environmental or employment 
concerns. 
 
 
2.3.7 Hinterland Linkages 
 
Linking ports and their hinterlands is an important consideration, but one which ports only have 
limited control over. Regardless of how efficient the internal workings of a port, if the links 
between the port and its hinterland are inadequate then the entire supply chain is slowed and 
ultimately inefficient. Recent efforts by the Ports of Auckland and the Port of Tauranga to create 
inland ports are one attempt to mitigate this problem, as is improved road links to ports and on 
main routes (such as Auckland’s Spaghetti Junction upgrade in 2006). These projects are often only 
possible with central government assistance, however, as it is the government that owns the rail 
corridors and the State Highway network along which most freight travels.  
 
A further complication is the lack of financial incentive for those who have the power to make 
many efficiency improvements. As an example it is through the shipping lines that a port will earn 
its income, not transport operators, as such there is little benefit to the port in reducing truck 
waiting times. These waiting times incur extra costs that will ultimately be passed on to the end 
consumer. Another example as previously discussed is the low switching costs for both shipping 
lines and importers/exporters that discourages port investment. As such there is a disconnect 
between the different members of the supply chain that hampers overall efficiency as individual 
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firms act to improve their own position, often at the expense of other members and the public as 
a whole. 
 
2.3.8 Labour Issues 
 
New Zealand ports are a heavily unionised workforce and as a result it is not unheard of for 
industrial action to occur such as the currently ongoing action at POAL or the 2007 Port of Napier 
strikes (NZPA, 2007). This does provide some degree of inflexibility given the resistance to 
casualisation of the workforce as a ports operation is not necessarily constant throughout the 
week or year. Work only exists when ships are in port as this is when loading and unloading occurs. 
This poses difficulties in that a port only has so much control over these schedules as while ship 
visits are arranged in advance this is not always on a regular basis. Schedules vary due to 
seasonality and the operating requirements of the shipping companies, as well as other factors 
such as the weather or delays at previous stops that may result in the late arrival of vessels. Having 
the necessary amount of staff on hand to deal with peak flows while minimising overstaffing (and 
the associated extra cost) is a difficult balancing act. 
 
As mentioned earlier there are also relatively weak barriers to switching between ports. This 
means that a port can see the loss of significant business to competitors simply on the threat of 
industrial action as other supply chain members seek to minimise risk by switching ports. This can 
be seen by the loss of business from POAL to Tauranga as shipping lines are either redirecting 
services on a long-term basis or are unwilling to risk possible “black-listing” by unions as a result of 
calling at Auckland while union workers are on strike (Gillespie, 2012). 
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3.0 INLAND PORTS 
 
3.1 Introduction 
 
This chapter begins by defining what an inland port is before examining the aspects of modern 
supply chains that make inland ports feasible; it then examines the benefits of rail transport over 
road. The chapter then explains the theory of an inland port, before covering examples of 
international and New Zealand policy in regards to inland ports. After briefly describing New 
Zealand’s existing inland ports the chapter then examines the justification for an inland port, as 
well as the challenges faced by an inland port if it is to succeed in the market. 
 
 
3.2 Defining an Inland Port 
 
Inland ports are not a new concept. An early (albeit wordy) definition from the United Nations in 
1982 identifies a dry (inland) port as “an inland terminal to which shipping companies issue their 
own import bills of lading for import cargoes assuming full responsibility of costs and conditions 
and from which shipping companies issue their own bills of lading for export cargoes” (United 
Nations, 1991). Over time this definition has evolved into a facility with a much broader scope. 
Nevertheless, this shows that inland ports have a relatively long and widespread history of 
development. Indeed by 2006 177 inland container depots or central freight stations (serving the 
purpose of an inland port) had been established in India alone (Ng & Gujar, 2009). Examples of 
operating inland ports can be found across North and South America, Asia, Europe, Africa, 
Australia and also here in New Zealand.  
 
An inland port is but one of many terms used to describe the concept of an intermodal logistics 
centre that is linked to a seaport, usually by rail.  The terms inland clearance depots, intermodal 
freight centres, inland freight terminals, interports, hinterland terminals or dry ports are often 
used to describe a (broadly) similar facility (Jarzemskis & Vasiliauskas, 2007; Notteboom & 
Rodrigue, 2009; Iannone et al., 2007). What separates an inland port from a less developed 
container storage depot or distribution centre is that an inland port includes traditional port 
functions, inter-modal transfers and also handles international trade, whereas a container depot 
or distribution centre is focused more on local or regional distribution, often only by road 
(Saskatchewan Agrivision Corporation & Campbell Agri Business Strategists Inc, 2008). 
Nevertheless, there is significant overlap and ambiguity between many of these terms. 
 
 
3.3 Modern Supply Chains 
 
The rise in development of inland ports can be traced to three key trends in transportation- 
globalisation, Intermodality and the development of 3PLs. It is these trends that provide the 
environment in which an inland port becomes practicable and as such are important concepts in 
understanding the theory of an inland port. 
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3.3.1 Globalisation 
Globalisation is the concept of an international network of economic, social and communications 
systems. These improved systems (particularly communications advance such as EDI) in 
conjunction with cheaper transportation costs have had a significant impact upon supply chains 
(Nijkamp, 2003; Fujita & Thisse, 2006; Janelle & Beuthe, 1997) as it is now commonplace to 
purchase goods from overseas countries that have specialised in the areas that they have a 
competitive advantage. Previously these goods (and increasingly services) would have been 
produced locally in (usually) much less complex supply chains. This has caused fragmentation 
within firms as production activities have relocated to low-wage countries, while strategic and 
management activities have remained in the firms higher wage home country (Fujita & Thisse, 
2006). While this has an impact on social and environmental issues for the purposes of driving 
inland port development the key outcome is the effect on trade. 
These global trade volumes have increased over time as larger customer bases continually seek to 
consume more and more goods (both New Zealanders consuming overseas goods and foreigners 
consuming ours), even during the recent financial crisis world trade still grew by 13% in 2010 and 
7% in 2011 (The United Nations, 2012). This increased trade is particularly noticeable in container 
volumes and is placing mounting pressure on existing infrastructure and systems. Constraints 
around port development and access to their hinterlands have led to the need for new solutions- 
inland ports are one way of dealing with these increased flows.  
 
3.3.2 Intermodality 
Intermodality is the concept of seeing an entire trip as a whole, rather than as a series of legs. In 
this way each transport mode is used in in its most effective and productive manner (Rodrigue & 
Slack, 2009). As such it is possible to take advantage of the flexibility and door-to-door service of a 
truck while also gaining the cost savings of long-haul rail and coastal shipping or the time savings 
of air transport. The development of intermodalism has come about both through government 
deregulation (removing protections for industries and no longer preventing firms from owning 
multiple modes) but also the rise of electronic data interchange and other communications 
enhancements allowing an entire journey to be completed on one bill of lading. The easier 
intermodal transfers become, the more efficient an inland port can operate. 
 
3.3.3 3PLs 
A further trend is the move away from firms defining themselves as being solely transport 
companies to embracing the role of logistics providers in the form of 3PLs. Levitt (1960) asserts 
that in the long run all industries are growth industries if the industry defines itself in broad 
enough terms. In this way what were traditionally trucking or shipping companies have expanded 
into warehousing, multi-modal operations and other logistics activities as a means of “adding 
value” to their product and service offerings (essentially gaining economies of scope), this has 
often occurred through acquisition as a means of gaining these capabilities within the current 
market, or to expand these capabilities into a new geographical catchment (Lieb, 2005). 
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By expanding in this way they can offer a door-to-door service, offer a more comprehensive and 
attractive service, increase the switching costs for existing customers as a means of retaining 
business and can continue to profit on the offering as a whole even if part of the offering begins to 
struggle commercially- providing greater resilience to the business. In essence 3PLs are attempting 
to capture as much of the supply chain as possible, inland ports are an extension upon this trend 
as firms vertically integrate up (or down in the case of traditional port operators) the supply chain 
as a means of expanding the scope of their business.  
 
3.4 Benefits of Rail 
While benefits relating to an inland port specifically are included later in the section justifying an 
inland port there are general benefits to be gained from the use of rail over road transport- 
particularly when the externalities of the two modes are included. Such are the benefits of rail that 
government assistance schemes to move freight off roads and onto rail exist in many countries 
including the UK and Australia. 
Many of these advantages are related to external costs, as the dedicated nature of the rail 
network isolates many of rails negative effects from the general public, whereas road transport by 
definition shares public space along with other vehicles. The exact difference in external costs will 
vary by location and methodology used, however, research by Kehoe (2003) has shown that in the 
United States freight transport via truck has an external cost nearly 3.5 times that of rail, whereas 
in an OECD report Hecht (1997) assesses roads external costs as being closer to 4 times that of rail.  
Park (2009) asserts that in New South Wales these costs are 5 times greater for road. This range of 
3.5-5 times is a significant increase in harmful social and environmental effects. The individual 
components that make up these costs are covered in more detail below. 
Removing freight traffic off the shared road network and onto the dedicated rail network reduces 
traffic congestion considerably, using UK examples every train replaces 43-77 lorries (Network Rail, 
2010). This also has potential safety benefits as heavy vehicles due to their mass are 
overrepresented in fatal or serious injury causing accidents- it is estimated that without rail 500 
extra casualties per year would occur in the UK as a result of accidents involving trucks (Network 
Rail, 2010). Isolating freight traffic onto a dedicated network also allows for better control of noise 
and other adverse social effects as they are confined to only one route (as opposed to the often 
multiple possibilities for trucks) reducing costs as mitigation efforts only need to occur in one area. 
In addition the disruption caused by rail, while often momentarily noisier, is intermittent as 
opposed to the more frequent (and sometimes constant) noise of highway traffic (Hecht, 1997). 
Rail uses considerably less fuel per tonne km and hence produces fewer emissions in terms of CO2 
and other greenhouse gases- these savings are in the region of a 75% reduction, though this will of 
course vary based on local practices, geography and equipment (The Seachange Strategy, 2008; 
The Association of American Railroads, 2011; Network Rail, 2010; Hecht, 1997). There also exists 
the potential to electrify rail (as has recently happened with Auckland’s passenger network) 
further reducing the environmental effects of rail. This lower fuel usage has the additional benefit 
of reducing exposure to oil shocks as fuel represents a smaller percentage of the total transport 
cost for rail than for road. 
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There are also advertising benefits to rail in that there is an increasing need for firms to be seen as 
being socially and environmentally conscious- both to avoid government intervention and also as a 
result of a social zeitgeist favouring sustainable or ethical business. Peattie & Charter (2003) 
identify this opportunity for marketers in exploiting this environmental and social consciousness as 
a marketing tool, rather than as simply another cost of business that must be borne. One example 
of a firm taking advantage of this as a means of differentiating their business from competitors is 
where Tesco has reduced the CO2 emissions used in transporting their goods by 50% since 2007 by 
using rail. This has not been done in the background; however, as at the same time they have 
made good use of the public relations benefits from doing so by branding their freight trains with 
“LESS CO2” in the style of the Tesco logo, informing customers of these savings through other 
advertising channels such as their website and even gaining publicity via winning a low carbon and 
efficiency award in 2008 as a result of these changes (TESCO, 2012). Given the expense that most 
large firms already go to in terms of advertising it is likely that distribution structures and supply 
chain characteristics’ will increasingly become part of the promotion aspect of the marketing mix 
(as is already seen with fair-trade, ethically sourced and “green” goods). 
 
3.5 The Theory of an Inland Port 
 
An inland port is difficult to view in isolation as it is part of a wider system; it is a key part of the 
supply chains in which it is a member. These chains generally (though not always) take advantage 
of existing channels as a means of limiting cost. The development of these channels is not an 
instantaneous process as port and hinterland development takes time (in many cases decades). 
The model of Taaffe, Morrill and Gould (1963 in Rodrigue, n.d) breaks this process down into six 
steps;  
 
Scattered Ports: The establishment of small ports along the coastline. 
Penetration lines: The construction of trade lines connecting to the hinterland cause the more 
connected ports to grow.  
Feeder Development: Feeders develop along these penetrating lines. 
Beginning Interconnection: The previously independent networks begin to merge- intermediate 
centres develop. 
Complete Interconnection: Increased connectivity favours the most connected ports as traffic will 
concentrate in these areas. 
High Priority Links: Economies of scale favour he concentration of traffic along the most efficient 
paths. This further favours these larger ports. 
 
 
In this model an inland port can operate as a feeder or as an intermediary, improving port access 
and the size of the hinterland in which it can compete. These port hinterlands can and do overlap. 
Morgan (1951) distinguishes between primary hinterlands (areas that are essentially captive) and 
secondary hinterlands (which are contestable). Areas where one port has a substantial competitive 
advantage because of lower transport costs to this area are captive hinterlands (de Langen, 2007). 
An inland port acts to turn a ports secondary hinterlands into primaries and to turn a competitors 
primaries into secondaries. This can differentiate these now highly accessible ports from their 
17 
competitors- many of whom cannot compete and leave the market.  As such inland ports play a 
key strategic role in terms of a ports (and a supply chains) operations.  
 
In saying this there is no single homogenous form that an inland port will take due to the need for 
an inland port to act as a regional solution (Rodrigue & Notteboom, 2009)- as each hinterland is 
different from another (even if only subtly so). As such inland ports are designed to overcome the 
particular local problems that exist as a result of geography, infrastructure development (or lack 
thereof) or the form that urban development has taken in the area. These different purposes 
mean that the structure of an inland port and its supply chain can vary considerably.  
 
Roso et al. (2009) and Rodrigue (n.d) separately break down these different types of inland ports 
into three broadly analogous (and generally accepted) categories based largely (but not entirely) 
on the distance from the port itself; distant inland ports/transmodal terminals, midrange inland 
ports/load centres and close inland ports/satellite terminals. These three types are described in 
more detail below: 
 
Distant inland ports: A distant inland port acts as a means of connecting a land-locked nation (or 
state/region) with the rest of the world. A distant inland port also often involves transmodal 
(rail to rail) operations as freight is moved from one rail network to another- an activity that is 
generally only necessary when a container is travelling great distances.  An example of this is 
the Isaka Dry Port in Tanzania servicing the land-locked countries of Rwanda and Burundi. 
 
Midrange inland ports: A mid-range inland port services a regional market area and often 
accommodates a variety of logistical activities, particularly freight distribution centres. Often it 
will be used to expand a port’s hinterland into a neighbouring market. The Port of Tauranga’s 
Metroport is a good example of a mid-range inland port. 
 
Close inland ports: Are a facility located at a less congested site to the port itself (though still 
within the same region) and which often perform activities that have become too expensive or 
space consuming for the maritime terminal. An example of this is the Enfield Logistics Centre 
in Sydney only 18 km away from Port Botany (Sydney Ports, n.d). This is the type of inland port 
that would be most appropriate for Christchurch in the context of this research.  
 
 
In all three cases an inland port reduces the distance between the port and its market allowing for 
greater responsiveness and reduced travel times. This is an important consideration as an 
increasing percentage of door-to-door costs are hinterland costs (Notteboom & Rodrigue, 2004). 
These costs affect the competitiveness of a port as shippers (and especially forwarders) look at the 
total supply chain cost (including hinterland connections and risk) - not just the port costs when 
making a decision (de Langen, 2007).  
 
What is particularly troublesome about these costs is that they often involve waste- adding no 
value to the supply chain (Morash 1999, p. 396). Providing that basic standards of reliability and 
speed are met then transportation becomes a commodity, as there is often little to differentiate 
between services. If the right container arrives in the right place, at the right time when using a 
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cheaper channel then why would a shipper use a more expensive one? As such there is little often 
little loyalty or barriers to exit in terms of the port used. 
 
As such the most important criteria for a port are to operate efficiently (in terms of both time and 
cost) and reliably, this is borne out in the literature (see Stevens & Corsi, 2012; de Langen, 2007; 
Nir et al., 2010). Hinterland connections influence this as a more connected hinterland is, generally 
speaking, cheaper and faster to service and lower risk. 
 
In addition to improving hinterland connections an inland port also allows for the amalgamation of 
freight activities and related services provided by many separate companies to occur at one site in 
a cluster formation (Rodrigue, n.d.). This can assist in coordinating the large numbers of firms 
involved in hinterland services (De Langen and Chouly, 2004).  Additionally an inland port provides 
a second (or in some cases multiple extra) distribution point(s) for a port, splitting the volume of 
containers and heavy vehicles that need to be handled at each point and diffusing externalities.  
 
While the theoretical underpinnings of an inland port as discussed above are relatively simple 
there does remain several gaps in the literature. This is especially noticeable in regards to 
literature specifically on close inland ports and to those operating with relatively low volumes 
(e.g.- several hundred thousand TEU per annum). These are the types of inland ports that are most 
appropriate to the Christchurch context and as such this research fulfils a niche in examining 
whether such a proposal is a worthwhile endeavour. In these cases much of the theory (and 
resulting literature) is redundant as a close inland port can operate within a captive hinterland 
(under the theory of providing better service levels); similarly there is little literature on the TEU 
levels at which an inland port becomes economically feasible- instead the literature has been 
based only on distance as discussed in 3.9.4. As a result close inland ports operating within a city 
are a relatively untested area of research.   
 
 
3.6 Inland Port Policy 
 
Generally transport policies have operated in a silo mentality whereby each mode has had its own 
strategy (or in some cases government department) as such many international port or rail policies 
do not specifically mention inland ports. This segregation in policy leaves out the details of 
intermodal transfers. While several of the more recent strategies identified here do specifically 
focus on Intermodality in many cases (including in New Zealand) inland ports are justified not by 
specific policy but by the more generic policy objectives (usually environmental and social) that 
they can achieve. This section contrasts the examples of the market driven UK with the much more 
involved Australian and German examples. This is not to say that other examples are not useful or 
relevant (particularly in the European context), however, these policies were judged to be 
representative of the contrast between nations, but also as examples of good policy in the case of 
Germany and Australia. To This section concludes with an overview of New Zealand and 
Canterbury transport policy as it relates to inland ports and a critique of where this policy is lacking 
compared to the overseas examples studied. 
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3.6.1 UK 
United Kingdom port policy is based largely on the belief that the ports sector can (and should) 
function using market forces. The National Policy Statement for Ports (2012) has three purposes; 
to encourage sustainable development, to allow decisions to be made on commercial factors and 
to enforce legal, social and environmental rules on new developments. This policy does not 
directly reference inland ports (or similar developments); nevertheless many of the characteristics 
of sustainable development raised are relevant to inland ports. These include minimising 
greenhouse gases, improving access to ports, supporting sustainable transport by offering more 
efficient transport links with lower external costs, to foster flexibility and competition. What is also 
pertinent is the guideline that the modal share of traffic entering and leaving the port needs to be 
considered in the context of external congestion and environmental costs and that broadly 
speaking rail and coastal shipping should be encouraged over road transport. With no national rail 
or intermodal policies inland ports have either been left to the market as commercial endeavours 
or have become the province of local government in a somewhat ad hoc manner rather than as 
part of a central policy. 
 
3.6.2 Germany 
German transport policy recognises the need to be environment and climate friendly, socially 
responsible and economically efficient (BMVBS, 2012). Two key objectives of this involve 
developing smart logistics strategies to reduce heavy goods vehicle trips and also to shift more 
traffic to rail and inland waterways- both of which encourage inland port development.  
This social emphasis is further recognised within the Freight Transport and Logistics Masterplan 
(2008) which focuses on mobility- not just in terms of economics but also in terms of personal 
freedom, specifically acknowledging that freight activities have an effect on other transport users 
and working to minimise these effects. There is also a focus on quality of life in regards to 
environmental effects. As such this is a very high-level and aspirational document and is supported 
by the Freight Transport and Logistics Action Plan (2010)- the first especially important measure 
being the implementation of the National Strategy for Sea and Inland Ports (2009) (an admittedly 
light plan that does, however, specifically acknowledge the importance of inland ports and which 
treats them as clusters- recognising that inland ports are an integral part of a hinterland and a 
supply chain and as such are very hard to view in isolation). This Action Plan also focuses on 
investment in rail, waterway and road links as well as in technology, training and capacity 
improvements, as well as devoting a chapter to intermodal transport. Despite being a second-tier 
strategy document (in that it is below the masterplan) the action plan still contains few specifics 
about projects and instead commissions studies and qualitative measures- there are no hard 
targets or other measurable outcomes identified. This is a trend within German federal plans in 
that they are indicative only (Marshall, 2010), like the UK it is left to regional government to 
handle the specifics. Nevertheless, the federal government will still fund regional initiatives 
through its 5 yearly transport plan- essentially a project list with funding that is approved by 
parliament. The priorities as to what projects make the list are a result of cost/benefit analysis and 
also through the incorporation of environmental and spatial planning goals. This hands off 
approach is changing, however, as since 2008 central government can makes plans for 
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“Länderubergreifenden Standortkonzepten” (cross state location concepts) for ports (sea and 
inland) and airports (Marshall, 2010), allowing much more influence over port and inland port 
development.  This is a big step as inland ports (and their supply chains do not just affect one 
geographical region, their influence can spread to neighbouring areas and along the chains that 
they are a part of and as such some level of central organisation and planning is desirable to 
achieve the optimum outcome for the country (and supply chain) as a whole- not just for the one 
region. 
 
3.6.3 Australia 
As each Australian State has their own policies, plans and strategies this research has focused on 
those most relevant to inland ports in the form of New South Wales and Victoria (though inland 
port projects are also proposed or underway in other states). It is also important, however, to 
remember the influence of the federal government in the form of the Infrastructure Australia Fund 
and the Nation Building Program. In many ways it is the Australian policies that are the most 
directly comparable to New Zealand due to the much lower volumes than other overseas 
examples and the focus on relatively close inland ports (as would likely be the case in New 
Zealand). 
 
Federal Government 
It is important to appreciate the influence of the federal government in funding state projects. The 
two main methods are through Infrastructure Australia (2012) controlling a fund of over six billion 
dollars to be devoted to regional infrastructure (a definition that specifically includes intermodal 
terminals) and the Federal government’s Nation Building program which has set aside $36 billion 
towards road and rail infrastructure (Department of Infrastructure and Transport, 2012)- including 
already having partly funded several NSW intermodal terminals and a commitment towards 
delivering the new Moorebank intermodal terminal. A condition for this programme is that every 
capital city must create a 20 year freight strategy if they wish to receive funding. These funds not 
only influence State planning (through setting requirements that need to be met before funding 
will be granted) but also allows for many projects to occur sooner than they otherwise would if 
only funded by the States (or local councils) as the funds act as a form of income redistribution 
towards those States that could not otherwise afford to create the infrastructure that they need. 
In this way the federal government can assert control over areas that while important to the 
country as a whole are rightly the domain of the States- a policy that seems at marked contrast to 
the hands-off approach seen in the UK. 
 
New South Wales 
The Draft Long Term NSW Transport Master Plan (2012) is relatively unusual in that it explicitly 
and frequently covers inland ports (using the term intermodal freight terminal). This plan 
recognises the contribution of the 18 operational multimodal terminals towards freight efficiency 
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and by extension the key goals of providing access to regional NSW and to support an efficient and 
productive freight industry (specifically highlighting the need to boost capacity, efficiency and 
productivity to meet their economic, social and environmental goals).  The interconnected nature 
of the freight network and the importance of integrated solutions are also explicitly addressed. 
There is also a commitment to release the first ever NSW Port and Freight Strategy – showing the 
increasing importance that is being placed on freight networks. 
Another feature of this plan is that it specifically lays out future projects involving intermodal 
terminals both in the short-term such as completion of Sydney’s Enfield intermodal terminal and 
the development of a similar facility at Moorebank (with a commitment to develop surrounding 
infrastructure such as dedicated rail freight lines capable of handling 1 million TEU per annum) and 
longer term actions such as preserving land for a proposed Eastern Creek facility as well as working 
with both regional and metropolitan councils in regards to future needs and on improving access 
to any future intermodal terminals in these areas. This is a much more proactive and specific policy 
framework than, for example, the relatively hands off situation in the UK where it is all up to the 
market to decide. This strategy provides a very clear and credible path for the future- essentially 
the goal of any planning document.  
 
Victoria 
Victoria is currently in the process of developing a new Freight and Logistics Plan (as well as a new 
Metropolitan Planning Strategy that will shape future growth in the State), nevertheless much can 
be learnt from the 2010 Department of Transport Discussion Paper on Shaping Melbourne’s 
Freight Future as once again it deals specifically with intermodal solutions- suggesting the 
construction of three such facilities within Melbourne. This document begins from a perspective of 
“liveability” where the external costs of truck use to service the growing freight task are deemed 
to be unacceptable. As such the document places a key emphasis on the environmental and social 
benefits as well as the economic.  This discussion paper also highlights the need for active 
government participation if an intermodal solution is going to work- particularly during the start-
up period as it is recognised that it will likely take 8 years for such a facility to become 
commercially viable. This discussion paper also recognises that this is an emerging area of research 
as there are few if any (in the author’s mind) of fully operational intermodal networks primarily 
servicing metropolitan port freight distribution.  This highlights the importance of these more 
recent Australian examples (and of this research) in that this is a gap in the literature that is only 
just beginning to be filled.  
 
3.6.4 New Zealand 
 
The New Zealand Transport Strategy (2008) (NZTS) outlines a vision for transport in 2040 where 
“People and freight in New Zealand have access to an affordable, integrated, safe, responsive and 
sustainable transport system”. An inland port for Christchurch could be a part of this vision. As 
such a facility would help to integrate freight modes within Christchurch and the wider Canterbury 
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region- as well as producing environmental, social and potentially economic benefits that would 
contribute towards a more sustainable transport system.  
 
While few of the transport targets in the NZTS (2008) are directly applicable to the idea of an 
inland port such a development would contribute towards each of the five key objectives 
(essentially outcomes) that the targets are seeking to achieve, namely environmental 
sustainability, economic development, safety and personal security, access and mobility, and 
public health. One criticism of this strategy, however, is the lack of any real content on inland 
ports- arguably a missed opportunity. 
 
The Canterbury Regional Transport Strategy (RTS) (2008) governs transport policy within the 
Canterbury region- of which Christchurch is a key part. This strategy is informed by the NZTS and 
has a vision for 2028 of having “the best possible quality of life” through the transport system. This 
is to be achieved by creating a transport system that:  
 
 
 Provides equitable access for all sectors of the community 
 Supports a thriving economy 
 Promotes a social environment which is safe and supportive 
 Promotes public health outcomes, is pleasant and environmentally sustainable 
 Is safe 
 Involves community participation in land transport decision-making 
 Is part of an integrated planning framework 
 Is innovative and responsive to change. 
 
In essence these characteristics are very similar to the objectives that are outlined in the NZTS, 
with the additional considerations of community involvement and innovation being explicitly 
stated. An inland port would work towards nearly all of these goals in that it could provide 
economic, environmental and social benefits as discussed in the following sections, would be 
innovative and integrated and would also help to many road users feel safer due to the reduced 
numbers of heavy vehicles. 
 
The RTS (2008) also recognises the following areas as being strategic freight hubs: The Port of 
Lyttelton, Christchurch International Airport, the Middleton rail yard, the Woolston freight area 
and the Sockburn freight area. This is shown in figure 3 below- as well as the strategic freight 
routes within Christchurch City, which the majority of freight traffic is expected to travel along. 
This figure is of great help in identifying likely container origins and movements as transport is a 
derived demand- these strategic freight hubs are where the majority of origins and destinations 
would be expected to be found.  
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(Canterbury Regional Transport Strategy, 2008) 
Figure 3- Christchurch Strategic Land Transport Network 
 
 
The Regional Transport Strategy is supported by the Canterbury Regional Land Transport Freight 
Action Plan (2005) which seeks to “provide for the effective movement of freight in ways that are 
efficient, safe and sustainable.” This corresponds with the goals of the NZTS and RTS discussed 
above.  
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In creating this strategy workshops were conducted in late 2002 where participants considered 
what elements an “ideal” freight system in the future would contain. It would be: 
 
 Customer-focused 
 Flexible, forward-looking and responsive to change  
 A highly “connected” network with connections between modes, and regions and strategic 
intermodal hubs that have efficient transport links in and out 
 Largely “invisible” 
 
 
An inland port could work towards all four of these characteristics for an ideal future freight 
system. Customers could benefit through greater service levels via an inland port, such a facility 
would be forward-looking and would provide alternative options to simply using the road network. 
Additionally an inland port is in itself an intermodal hub that would improve the connectedness of 
the network and is largely invisible in that it moves freight off of the shared space of the road 
network and onto rail. 
 
Another important strategy that is relevant in justifying an inland port is the New Zealand Energy 
Strategy 2011-2021 (2011), particularly the goals of creating “an energy efficient transport system” 
and reducing  “energy-related greenhouse gas emissions”– 44% of which are attributed to the 
transport sector. As one of the key rationales behind the idea of an inland port is improved energy 
efficiency (leading to a reduction in greenhouse gas emissions) it can be seen that an inland port 
would work towards the goals of this strategy. 
When compared to Australian policy these strategies do not give very much weight to the concept 
of inland ports. There is no real commitment to intermodality as even the targets of increasing the 
modal share of rail and coastal shipping are only in a general sense- the emphasis is on the 
volumes, not on the transfers between the modes or even whether such a transfer is worthwhile 
(in certain cases it could be argued that one mode has a natural advantage such as road when it 
comes to distribution within an inner city area). The New Zealand strategies are also very high-
level and in some ways follow in the effects based tradition of the Resource Management Act 
whereby goals are set in terms of the desired outcome, but little in the way of concrete 
commitment is given to specific projects. While this does come under the Government Policy 
Statements that lay out central government investment in large projects there would be much 
more weight behind any commitments made in a national strategy, particularly given the longer 
timeframe of the national strategies. In essence New Zealand strategy is very much about what as 
a society we “want” with very little emphasis on “how” we’re going to get there- partly due to the 
relatively short election cycle that makes long-term planning difficult. There is a case to be made 
that would argue for national strategies to have bi-partisan support so as to ensure that they 
remain relevant and applicable beyond the next election cycle. As such any central government 
support for new inland port projects is likely to be as the result of extensive lobbying (most likely 
by regional government) as it is outside the existing planning framework. 
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3.7 New Zealand Inland Ports 
 
While there are several freight villages (clusters of freight related activities) and many container 
depots there are currently only two inland ports operating in New Zealand. Both are located in 
South Auckland and are operated by Ports of Auckland (POAL) and the Port of Tauranga. These 
inland ports operate similarly when viewed on a micro scale but serve very different roles within 
their respective supply chains. 
 
POAL’s inland port at Wiri has many ideal characteristics including being located on relatively low 
value industrial land (compared to the central city where the seaport itself is), being close to State 
Highway One and hence the motorway network, being located well away from residential 
properties or other sensitive activities and also being in close proximity to many large distribution 
centres and freight operators including the airport and its associated logistics area.  In this way it 
acts as a satellite terminal for the port by relocating activities towards the ports’ “customers” and 
away from the increasingly constrained and congested waterfront. This location also avoids the 
worst of motorway congestion for vehicles travelling south of Auckland, which is where one would 
expect the majority of inter-city freight movements to occur. 
  
The Metroport inland port operated by the Port of Tauranga at Southdown fulfils a distinctly 
different role to POAL’s in that it is designed to expand the ports hinterland into Auckland. Rather 
than better servicing the local market as in the case of POAL’s inland port Metroport acts as a 
means of competing in what would traditionally have been POAL’s backyard, highlighting that the 
distance to a port does not necessarily relate linearly to the cost or quality of service. This strategy 
has been very successful with both Fonterra and Maersk recently locating substantial business to 
Tauranga from Auckland (Fletcher, 2012), albeit at least partially as a result of ongoing industrial 
action at POAL. Metroport is a purely commercial endeavour to increase port volumes, rather than 
a socially or environmentally focused development (The Tioga Group, 2006) as is the justification 
for many inland ports. 
 
These inland ports are relatively unusual in that they are small by world standards. As an example 
POAL’s Wiri Inland Port has a capacity of 100,000 TEU per annum (CONLIXX, 2011), whereas 
overseas examples of transmodal exchanges such as the Port of Hamburg move a total of over 2.2 
million TEU by a combination of rail or inland waterway (Port of Hamburg, 2012). Furthermore 
these containers will be moving distances of thousands of kilometres across Europe as opposed to 
across town in the case of Auckland. As a result it becomes unrealistic to compare New Zealand 
examples to those from Europe, North America and Asia as the overseas container volumes are in 
some cases greater than New Zealand’s volumes as a whole. The closest examples in terms of 
volumes and distances travelled would be the Australian examples such as the Port Botany 
development in Sydney or the proposed Altona and Lyndhurst inland ports in Melbourne. 
 
 
3.8 Justification for an Inland Port  
 
An inland port, like all port infrastructure, is expensive. In order to justify this expense it is 
necessary for a port to produce significant benefits - whether of a financial nature to encourage 
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private development, or of an environmental and social nature to secure support from public 
sources such as local, regional or central government.  
 
 
3.8.1 Economic Justifications 
 
Port congestion is an increasing issue for many ports (Visser et al., 2007) and one that needs 
addressing. This can be difficult as in the long term a port only has two ways of handling sustained 
freight demand; to use the ports existing land in a more efficient manner through the application 
of technology, improved processes, or denser utilisation of land; or to expand to new port areas 
(Caballini & Gattorna, 2009). While improving efficiency is always desirable, given the various 
other constraints (cost, volume, etc…) that a port faces there comes a point at which this alone is 
not enough to cope with demand, or where further improvements are not commercially viable. 
Acquiring additional space for port expansion can be troublesome, particularly if the land is 
already in use, is unsuitable due to geographical limitations, or is highly valued for other land uses 
such as waterfront property development (as has been seen with former port facilities in Auckland 
being transformed into the Viaduct Harbour and the Wynyard Quarter developments). 
 
This is not a New Zealand specific issue; research by the Centre for Maritime Studies at the 
University of Turku (2011) has shown that 29% of Baltic ports consider inadequate storage 
capacity to be a key bottleneck of their business, with 27% citing a lack of expansion areas as a 
challenge. Marcadon (1999) also identifies space limitations and the lack of expansion 
opportunities as an obstacle to further growth for numerous ports in Northern and Western 
Europe (particularly the UK). Nevertheless, the expected arrival of larger ships and hence 
increased peak flows in New Zealand makes this a particularly relevant challenge for the New 
Zealand port sector. 
 
Given that expansion must occur, yet cannot occur locally, then the logical solution is to relocate 
port activities to a less constrained location. One obvious means of doing this is via an inland port. 
In this manner an inland port provides increased storage space and warehousing (ideally at a lower 
cost), freeing up space at the port for those essential activities that must occur there.  
 
An inland port can aid in balancing freight flows as is the case with the Port of Tauranga’s 
Metroport facility in Auckland. In this way the export heavy nature of Tauranga’s container trade is 
(at least in part) balanced by the import heavy nature of the Auckland market. Ensuring greater 
asset utilisation than would otherwise be the case and increasing efficiency. 
 
The example of Auckland and Tauranga also highlights how inland ports have caused port 
hinterlands to become more contestable (Langen &  Chouly, 2004) which while a mixed blessing 
for port operators can be of benefit to the final consumer if any savings or discounts are passed 
on. This extra competition would also be expected to increase efficiency as firms now have a 
greater choice of port and of shipper. 
 
An inland port also acts as a second distribution point, providing all the benefits of a distribution 
centre in addition to its other services. In such a way an inland port effectively reduces the 
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distance between the port and the customer. This is especially true if producers ship directly from 
their gate to the inland port via rail - a distinct possibility when dealing with products such as milk 
powders or with meat that is generally packed into containers for export. This increased capacity 
from having two distribution points can reduce truck waiting times, congestion and other 
inefficiencies caused as a result of port constraints, something that is of particular benefit to 
transport operators given that as Woxenius & Bergqvist (2008) point out, truckers are rarely 
compensated for waiting in lines at port gates or in congested traffic; requiring an allowance for 
such costs to be built into all cartage rates. 
 
An inland port allows for the consolidation of other value added services including container 
maintenance, servicing, cleaning, warehousing and also facilities such as truck-washes. This 
clustering of services creates the opportunity for economies of agglomeration to occur, such as by 
removing the need for a number of lower-value road journeys as significant costs can be involved 
when moving a container even short distances as the transport operator must still travel from 
their depot to pick-up the container regardless of how far it is to actually be moved.   
 
An inland port facilitates the consolidation of shipments, both of less than container load 
shipments (as would frequently occur using a freight forwarder) but also of full containers 
themselves which allows a buffering of container movements to take place. By handling this 
function in a less space constrained location containers can be stored until they are ready to be 
loaded onto rail in the sequence in which they will be loaded onto the ship, as opposed to waiting 
at the port itself. This acts to reduce the time taken to load the ship and hence the time at which 
the ship will be alongside the wharf, allowing for more ships to be turned around by the port in a 
shorter timeframe. 
 
A further benefit in regards to this consolidation is that international containers can be packed (or 
re-packed) at the inland port to a weight that would not be legally allowed on the roads in New 
Zealand (The Tioga Group, 2006) - resulting in a greater utilisation of some containers.  
 
This consolidation also has implications in terms of security and cargo inspection as by 
consolidating containers onto rail shuttles one can more effectively examine containers for 
contraband or prohibited items as it is easier to x-ray containers via passing an entire rail shuttle 
through a scanner upon entering (or leaving) the inland port than moving and scanning individual 
containers on an often ad hoc basis as may ordinarily be the case.  
 
 
3.8.2 Environmental Justifications 
 
One of the key rationales behind an inland port is the potential reduction in port externalities and 
the environmental benefits that can be obtained compared to the status quo. Jarzemskis & 
Vasiliauskas (2007) addressed the issue of the environment (from a socially orientated 
perspective) in their research examining the opinions of supply chain members in the Baltic with 
two-thirds of respondents agreeing that an inland port would reduce environmental problems in 
the cities (with none of the respondents disagreeing with the idea). This certainly shows a clear 
belief that an inland port can achieve positive environmental outcomes, but is this belief backed 
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up by real-world data? Much of the literature in this area focuses on theory or simulation rather 
than observed benefits- partially due to the difficulties of directly measuring the impact of 
marginal improvements.  
 
Nevertheless, any reductions in truck travel distances that can be achieved by the creation of an 
inland port will result in a reduction in CO2 emissions (alongside other greenhouse gases). These 
reductions can be significant. Using the Port of Gothenburg in Scandinavia as an example Roso 
(2007) showed via simulation that by implementing a dry port up to 1,300 kg less of CO2 (a saving 
of approximately 25%) would be emitted per train used (assuming that it was full and replaced 35 
trucks). This was in addition to reducing average truck waiting times by 72 minutes (from 85 to 13 
minutes), meaning that the impact on the environment of the trucks that are still used is reduced, 
as less fuel is expended idling at the port gates, an activity that adds no value to the supply chain.  
 
Using Australasian examples, a Transport Victoria (2010) discussion paper identifies potential 
reductions in diesel fuel use (and hence carbon emissions) of 17% via the use of an inland port in 
Melbourne. Combined with the research of Roso (2007) above this suggests that expecting CO2 
emission reductions in the region of 15-25% from the implementation of an inland port is 
reasonable, though this figure will of course depend upon the local situation.  
 
Further evidence can be seen in estimations that the Enfield inland port in Sydney will eliminate up 
to 100,000 truck movements altogether and shorten a further 250,000 more, providing an annual 
saving of 6.5 million vehicles kilometres travelled during peak operations (NSW Department of 
Planning, 2007). Similarly the POAL inland port in South Auckland is estimated to save 100,000 
central city truck trips and 2.5 million truck kilometres per annum (NZPA, 2010a; FTD Magazine, 
2010). 
 
 
3.8.3 Socio-Cultural Justifications 
 
While very difficult to quantify it is also important to consider the socio-cultural benefits of an 
inland port, particularly in regards to quality of life and amenity values. Port operations and their 
associated heavy vehicle movements have negative externalities on the surrounding area due to 
noise, vibration, diesel fumes and light. There can be adverse health effects arising from these 
vehicle emissions (Fisher et al., 2002) or from a lack of sleep caused by these movements 
(University of Chicago Medical Center, 1999). By splitting these externalities across multiple 
locations it is possible to avoid tipping points or other effects that only occur once a certain 
threshold has been reached. 
 
An inland port allows some of these externalities to be moved to a less sensitive area. This is 
particularly evident in the New Zealand context where ports are often located at the heart of a 
city. There will inevitably still be noise (and light at night) around the port itself but much of the 
disruption caused by vehicles travelling through or near residential areas can be minimised 
through careful placement of the inland port.  
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These effects are significant in that TERNZ (2002) research shows that noise and vibration (largely 
from heavy vehicles) significantly affects residents’ lifestyle and behaviour as they interrupt 
household and family activities, particularly during the evening. This loss of enjoyment and rest is a 
very real effect leading to a less pleasant living environment and increased stress. 
 
One must also consider the increased security that many other road users feel when they are no 
longer forced to share the road with larger vehicles as such vehicles can make other road users 
feel insecure or vulnerable, as an example a study by TERNZ (2002) showed that 56% of Auckland 
respondents rated trucks as being a danger on the roads - the third highest issue behind traffic 
speed and busy intersections. Even though heavy vehicles are involved in comparably few road 
accidents (especially when one considers the high mileage of these vehicles) the consequences of 
these accidents are often severe, reflecting the size and mass of the vehicle involved (Ministry of 
Transport, 2009a) and hence are often highly publicised. This is particularly evident with cyclists as 
while there are relatively few accidents between cyclists and heavy goods vehicles they represent 
a disproportionate number of cycling deaths (Morgan et al., 2010; ROSPA, 2006). While the risk of 
being involved in an accident with a heavy vehicle is low, the benefits to residents’ perception of 
their safety and sense of well-being are very real. 
  
 
3.9 Challenges to the Success of an Inland Port 
 
For an inland port to be successful there are a variety of challenges that need to be taken into 
account and overcome. These considerations include funding and ownership, stakeholder co-
operation, surrounding land uses, distance to market and expected volumes. 
 
 
3.9.1 Funding and Ownership 
 
Constructing an inland port is an expensive undertaking (as is the creation of any port 
infrastructure) and as such funding is a key issue. This is particularly pertinent when one considers 
that there is the potential for the costs of the facility to be highly concentrated on the developer 
while the benefits are spread widely across the supply chain and community as a whole. This value 
needs to be captured in order to compensate the developer(s) for their investment if it is to occur. 
This is difficult, however, when one considers that the primary (and sometimes only) source of 
income for a port is from the shipping lines. This leaves little incentive for a port to make changes 
that may improve the efficiency of hinterland or inland transport operations as it is an extra cost 
which they are unlikely to be able to recover. Any inland port ownership structure must take the 
need to create incentives into account if it is to operate at maximum efficiency.  
 
There are four potential ownership models for an inland port: private (most likely by or in 
partnership with the port company itself), public ownership, a public/private partnership or a co-
op arrangement.  
 
Private ownership is perhaps the most obvious option for funding an inland port, whether this is 
by the port company on its own or in partnership with another investor. Both New Zealand inland 
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ports are partnerships between a port and another logistics provider; with the Wiri inland port 
established as a joint venture between POAL and the NZL Group (CONLINXX, n.d) and Metroport 
owned and operated by both the Port of Tauranga and Toll New Zealand (Port of Tauranga, 2011).  
These types of joint venture arrangement allow for the spreading of risk, the acquisition of further 
investment and also the capture of knowledge from these logistics firms (BusinessLink, n.d). In 
both cases, however, there is still an element of public ownership as the port companies are (at 
least partially) owned by local government though run as a standalone business. 
 
When one considers all the externalities of port operations and their effect on both the wider 
supply chain and the community as a whole a case can be made for public ownership due to the 
ability for a publicly owned entity to target social welfare at the expense of profit maximisation 
(Laffont & Tirole, 1993, as cited in Haney & Pollitt, 2010). Whether this ownership is from local, 
regional or central government would depend upon the perceived scale and distribution of the 
benefits (as outlined in 3.5). However, given the importance of Christchurch as a gateway to the 
wider Canterbury region (and beyond) there would appear to be a case for regional or central 
government involvement as it is not just a local matter.  
 
Public/private partnerships are becoming increasingly common in New Zealand with the recent 
examples of the new Wiri Prison or of Hobsonville Schools (Udanga, 2012). Were there to be 
significant public investment in an inland port it is likely that this is the form in which it would take 
as there appears to be a reluctance (particularly from central government) to become too involved 
in areas that could potentially be catered for by the market. The justification for and benefits of 
public involvement outlined above would also apply for a public/private partnership (providing 
clear and detailed incentive based contracts are in place) but much of the organisation and day-to-
day management would be moved away from the government and onto industry whom it could 
be argued are better placed to make many of these decisions. 
 
As New Zealand’s largest company the most well known example of a co-operative in New Zealand 
would be Fonterra, owned by nearly 11,000 individual farmers (Fonterra, n.d.). While it would 
operate on a much smaller scale there is no reason why this idea of a co-operative could not be 
considered for a Christchurch inland port. Part of Fonterra’s success has been in providing 
direction to the industry as a whole, as opposed to having cut-throat competition between 
different members. By participating in a co-operatively run inland port transport operators could 
potentially take advantage of economies of scale from shared facilities and work more closely 
together (possibly including greater sub-contracting of work during busy periods). While this 
would rely upon a desire within the industry to work in this manner it would provide a means of 
internalising many of the supply chain costs arising from distribution and provide incentives to 
increase distribution efficiency as those that have the ability to make change are also those who 
will receive the benefits. In doing so, however, it is important to avoid anti-competitive or cartel-
like behaviour. 
 
The investment required by an inland port need not occur as one lump sum. As Walter & Poist 
(2003) identify, it is not necessary, or even always desirable, to construct a full-scale “bricks and 
mortar” inland port in its entirety in one stage. A step-by-step incremental approach may be more 
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appropriate, beginning with a smaller facility operating as a distribution point with future room to 
expand into other activities over time. 
 
 
3.9.2 Co-operation between Stakeholders 
 
Another key issue in developing an inland port is that it requires at least some degree of co-
operation with other stakeholders. Depending upon the ownership structure and the location of 
the inland port this could include the port owner, the inland port owner, those firms who use the 
port- e.g. - transport operators, shipping lines or Kiwirail, firms whose goods move through the 
port (especially larger customers), those living in areas near the port/inland port or along truck 
travel routes, the wider community as a whole and also the various levels of government. 
 
Bergqvist et al. (2008) discuss this problem in regards to a possible inland port located in either 
Falkoping or Skovde in Sweden where collaborative efforts between the two towns to create an 
inland port experienced difficulties after Falkoping was selected as a location over Skovde. It was 
at this point that local government began to criticise the process in the media and discussions 
broke down. This highlights the role that political influence and indeed economic gain can have in 
deciding whether to create infrastructure such as an inland port and in determining where it is to 
be placed.  
 
There is a similar tension between the public good and private gains in that many inland ports are 
at least partly funded by the public (even if only through upgrading the transport infrastructure 
that the trucks will use to enter and leave the port). The most efficient outcome for the operator 
of the port may not necessarily be the ideal situation for the region as a whole; or even other 
members of the supply chain. Ideally an inland port development would be conducted in 
partnership with affected stakeholders to maximise the potential benefits for all involved. 
 
Nevertheless, stakeholder buy-in is important; Roso (2009) identifies the strong road lobby as a 
potential barrier in the Australian context. It is possible that industry groups may be opposed to 
the idea of an inland port fearing that it will impact negatively on their members’ business 
operations under the assumption that they are involved in a zero-sum game. Intuitively increasing 
the amount of freight moving by rail (even if only in a shuttle system) would appear to be at the 
expense of truck journeys. This is not necessarily a bad outcome for the trucking industry and may 
in fact be advantageous as due to reduced waiting times and travel distances jobs can be 
completed in a faster timeframe and at a lower cost.  
 
 
3.9.3 Surrounding Land Use 
 
Given that an inland port requires certain site characteristics such as easy access to transport 
networks (or the creation of new infrastructure) there are generally only a few viable locations for 
such a facility to be located.  
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Slack (1999) discusses how the environmental effects of transport hubs such as ports (and by 
implication also inland ports) are concentrated and that it is the locality of the terminal where the 
majority of the negative effects such as noise, air pollution and congestion occur. As such it is 
important to place an inland port is a less sensitive area such as an industrial area or a greenfields 
site on the periphery of a city where relatively few people will be affected or where such effects 
are of a similar character to those that are already occurring. The routes upon which port traffic 
will travel must also be considered, however, as these will lead to noise and vibration that will 
need to be directed away from sensitive areas. 
 
The zoning of the area in which the inland port is also of great importance not just in terms of 
receiving planning approvals but also to avoid (or at least mitigate) the risk of incompatible land 
uses occurring alongside the inland port in the future. Many examples of this can be seen in the 
New Zealand context ranging from the Port of Lyttelton, the Auckland and Christchurch 
International Airports to Western Springs Speedway where long-standing facilities have faced local 
opposition as a result of encroaching development and urbanisation. Such opposition can lead to 
restrictions on operating hours or the imposition of other conditions affecting the inland ports 
viability. 
 
 
3.9.4 Distance from Market 
 
The generally perceived wisdom is that rail is only viable over long distances of at least several 
hundred kilometres, which would suggest that a close inland port would struggle to be viable. 
Ratten (1998), Bergqvist et al. (2008) and Roso (2008) however, have all found that inland ports 
can be economically viable over distances ranging from 120 kilometres using the example of 
Skaraborg, Sweden to 25km for Port Botany in Sydney, Australia. In addition the proposed Altona 
and Lyndhurst inland ports in Melbourne, Australia are located only 18km and 46km away from 
the central city respectively (Westgate Ports, n.d). These close Australian inland ports give 
credence to the idea of an inland port for Christchurch, as a facility located in the Islington area as 
proposed in this research is approximately 30km from Lyttelton and around 12-15km from the 
CBD (depending on the exact inland port location). 
 
This meshes with Ryckbost (2011) who argues that distance is not the decisive factor in deciding as 
to whether or not an inland port will be used by a shipper- the type of products, volumes, quality 
of infrastructure and of transhipment facilities are also important. An inland port can still be 
attractive to shippers even if relatively close to the actual port itself, or if it operates at a similar 
cost to the port itself providing the overall service offering can add sufficient value to justify its 
use; whereas even a distant inland port can be unattractive if stymied by inefficiency or 
unreliability of service. 
 
 
3.9.5 Volumes 
 
Rabobank (2000, as cited in Rodrigue & Notteboom, 2009) identifies that the profitability of an 
inland container terminal depends primarily on two factors; its throughput volumes and the size of 
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its service area. As such there may be a need for a critical mass of containers to make an inland 
port worthwhile.  
 
Capacity constraints are also an issue as identified by Trainaviciute (2008) in that insufficient 
capacity can lead to inefficiencies adding extra costs to the supply chain that potentially could 
exceed the benefits provided. This is understandable as If a rail shuttle is only operating at half 
capacity then not only does the cost per unit increase significantly but the potential environmental 
and social benefits also decrease. Greater container dwell times are also likely as operators 
attempt to balance the inefficiencies of a half-empty rail shuttle versus those caused by delaying 
containers until the shuttle is operating at a greater percentage of its total capacity. 
 
It is also important to cater for expected long-term growth by acquiring land for future expansion 
in order to avoid the inland port suffering the same space related challenges already faced by the 
sea port.  
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4.0 CASE STUDY 
 
4.1 Introduction 
 
This chapter focuses on the broader Christchurch context, including an examination of current 
trends and issues. The chapter then moves on to an overview the three posssible future 
distribution scenarios presented in this research. 
 
 
4.2 The Christchurch Context 
 
The Port of Lyttelton is a publicly traded company (Lyttelton Port Company Ltd) owned primarily 
by Christchurch City Holdings Ltd (the wholly owned investment arm of the Christchurch City 
Council) but also by smaller shareholders including 15.3% ownership by Port Otago Ltd and a 
further 6.5% by other private investors (LPC, 2009). 
 
The port consists of approximately 100 hectares of operating area, 8 of which are dedicated to 
container operations via Cashin Quay as shown in figure 4 below. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Around half of Lyttelton Port Company’s trade by tonne is in container movements (Davie, 2009). 
This consisted of 273,789 TEUs in the 2010 financial year, up 5.3% from 2009 and an increase of 
over 65,000 TEUs since 2006 (LPC, 2010).  
 
 
 
 (Auckland Regional Holdings, 2009) 
 
 
Figure 4: Aerial View of Lyttelton Port 
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This container trade is expected to remain strong with forecasts for continuing growth in dairy 
exports by Fonterra, Westland Milk and Synlait, following a 97% increase in dairy product volume 
moving through the Port in the 2010 financial year (LPC 2010 Annual Report, 2010).  
 
This forecast is backed up in the trends expressed by the Ministry of Transport (2010) in Table I 
below which shows that the dollar value of exports through the port has increased by 44% since 
the 1998/1999 financial year, while imports have increased by 78%. In addition New Zealand wide 
figures show that container trade has increased from 13% of total trade by weight to 40% between 
1995 and 2009 (Paling , 2009), a trend that is expected to continue. 
 
 
Table 1: Dollar Value of Exports/Imports through Lyttelton since 1998/1999 Financial Year 
Year Exports Imports 
1998/1999 $2,590,843,000 $1,498,140,000 
2009/2010 $3,719,554,000 $2,667,357,000 
Percentage Change +44% +78% 
(Ministry of Transport, 2010) 
 
 
Lyttelton Port Company expects that by 2014 there will be an increase in the size of vessels calling 
to the port from the current sizes of 130-248 m and (previously) a maximum capacity of 
approximately 3,000 TEU to vessels perhaps approaching 5,000-6,000 TEU (Davie, 2009), this has 
already been seen to some extent in 2010 with the 4,500 TEU OOCL New Zealand calling at 
Lyttelton- the largest ship to have ever visited. 
 
In order to accommodate these larger vessels dredging work and berth expansion is currently 
underway (see Appendix 1). The issue remains, however, as to whether the supporting 
infrastructure can cope with these increased container volumes (particularly given the damage 
sustained to the Port during the 2010 and 2011 earthquakes that struck the Christchurch area 
resulting in the loss of 30% of the Port’s operational space for the immediate future (Greenhill & 
Wood, 2011)).  
 
Already there is increasing strain being placed on the Port in regards to space for the storage and 
loading/unloading of containers. Larger vessels and the need to move containers on from the port 
in a timely manner are only likely to further exacerbate this issue. Expansion opportunities are 
limited, however, due to the geographical location of the Port and the surrounding township of 
Lyttelton. As a result the port has begun to reclaim further land from the sea in order to expand 
terminal space at Cashin Quay and to accommodate additional container (LPC, n.d).  
 
Road transport is the predominant means of moving containers to and from the port of Lyttelton, 
leading to the truck congestion at the port. At present it is not unheard of for truck queues at the 
Port gate to exceed one or even two hours during peak periods. There are opportunities for 
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Lyttelton in terms of utilising other modal choices given the rail link to the port, particularly when 
one considers overseas examples such as the Port of Rotterdam which moves only 48% of it’s 
containers via road (with the remainder being split between rail and barge) with a goal of reducing 
roads modal split to 35% by 2035 (Gibson, 2011). This level is unlikely to be practical for Lyttelton 
but it shows that there is scope for increasing the use of other modes. 
 
Some port activities certainly need to be carried out adjacent to the coast such as the unloading of 
the ships themselves or the storage of some goods at the port itself especially bulk cargoes like the 
large volume of coal that is exported through Lyttelton. This is not the case for all activities. 
Container storage does not require a waterfront location; nor is this necessarily even desirable as 
it is an activity that ideally occurs on lower value land. One solution to the current capacity 
constraints at the Port is to only use the waterfront land for activities where it is necessary and to 
use low-value industrial land to create an inland port to cater for other activities in an area away 
from the coast using rail shuttles. 
 
This has to some extent occurred with the CityDepot; however, this is a relatively small operation 
that is not used to the extent that it could be, handling approximately 35,000 TEU per annum 
(consisting primarily of empty containers)(O’Donoghue, 2012). This facility avoids the bottleneck 
posed by the Lyttelton Road Tunnel and the Port Hills by using a rail shuttle to move containers 
between the port and the CityDepot and also alleviates the issues that have arisen due to a lack of 
space at the Port itself. This current location is certainly well thought out by the port company in 
terms of meeting their own needs as it acts as an extension of the port itself, but may not be the 
optimal solution for the supply chain as a whole as it does not significantly reduce truck travel 
distances. Nevertheless, in July 2010 Lyttelton Port Company purchased land adjacent to this site 
to secure future expansion opportunities (NZPA, 2010b), this provides the option of developing 
the CityDepot into a more efficient and fully functioned inland port in the future. 
 
Recent research by Auton (2010) investigated the feasibility of an Inland Port in western 
Christchurch from a transport systems perspective. This study showed that such a facility was 
possible by examining the capacity limitations of berth, straddle and rail exchange, rail line 
capacity and transfer times. This showed that it was possible for a proposed inland port to process 
up to 1,152 containers per day under ideal conditions. In practice, however, this number would be 
lower due to ship scheduling and other considerations that prevent this theoretical maximum 
from being achieved. 
 
Given that the port processes 274,000 TEU per year (LPC 2010 Annual Report, 2010) one would 
expect that an average week would see in the vicinity of 5,270 TEU to be moved.  Operating 24/7 
an inland port could handle this volume with an extra margin to account for peak flows. 
Nevertheless distributing entirely out of an inland port within these constraints would not be a 
long-term solution due to the expectation of future growth. Distributing from two separate points, 
however, would be feasible with one site being the inland port and the other either Lyttelton or 
the existing CityDepot (if used in an expanded capacity).   
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4.3 Siting an Inland Port in Christchurch: Why Islington? 
 
Auton (2010) suggests that anecdotally over 75% of the transport fleet servicing the Port is based 
in the Hornby/Islington area. This is unsurprising as the area is a crucial congruence point in 
regards to transport activities; it is alongside both State Highway One and the South island Main 
Trunk Railway, is home to many existing manufacturers and logistics centres (including the 
Sockburn Freight Area as identified in the Regional Transport Strategy and the Rolleston I-Zone) 
and is close to Christchurch International Airport.  
 
This area also benefits from relatively low land values and is constrained by little in the way of 
residential development or other sensitive activities due to the noise from the nearby airport 
which has led to restrictions on land use in the area.  Geographically this area makes sense as a 
second distribution point for the port as it is located on the south-western side of the city as 
opposed to Lyttelton itself which is to the East.  An inland port located in this area would also be 
better able to service customers based outside of the city itself, particularly those that are already 
using rail or whom would be well suited to doing so. All of these factors make the Islington area 
the ideal site for any future inland port for Christchurch. 
 
 
4.4 Potential Future Scenarios 
 
Identified below are three different scenarios for the future distribution structure of Christchurch 
container freight. These are a business as usual scenario; a scenario distrbuting exclusively through 
an inland port to the south-west of the city; and a hybrid model making use of both a new inland 
port and the existing CityDepot in an expanded capacity. 
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4.4.1 Scenario One- Business as Usual (Baseline Scenario) 
 
This scenario represents the current situation with a small percentage of incoming containers 
being moved by rail from the port to the CityDepot and the majority of containers being moved by 
truck from the port itself as shown in the conceptual diagram below (Figure 5). As a result the 
majority of container movements occur through the city itself (or at least along the outskirts of the 
central city area). Under this scenario the current issues regarding container movements from the 
port will continue to worsen over time as volumes increase. 
 
 
 
 
 
 
 
 
 
 
Figure 5: The Current Scenario 
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4.4.2 Scenario Two- Inland Port Only 
 
In scenario two all containers are shuttled by rail from the port to an inland port located in the 
Islington area from which they are distributed by road. In this scenario the current CityDepot site is 
not utilised, nor are containers able to be picked up from Lyttelton; though bulk goods would 
continue to primarily operate through the port itself due to the specialised nature of the facilities 
that these goods require and to continue to utilise the existing facilities at Lyttelton port. This 
scenario uses the work of Auton (2010) as a justification as if 75% of the container trade is in fact 
to the west of the city then significant reductions in VKT should be able to be achieved. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Inland Port Only Scenario 
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4.4.3 Scenario Three- Hybrid Distribution Scenario 
 
The third scenario combines aspects of the first two scenarios in that it features container 
distribution out of both the existing CityDepot site (which may need to be expanded) and also 
from an inland port in the Islington area. As in the previous scenario the majority of bulk freight 
would continue to operate directly out of Lyttelton. Under this scenario communication between 
the port, the CityDepot, the inland port and the transport industry become increasingly important 
as in order to gain the full efficiencies of this model containers need to arrive at the collection 
point that is most efficient for delivery. Whether this is closer to the final destination or the 
transport firm’s depot may well vary depending upon transport operators’ fleet utilisation and the 
other jobs that are being carried out on the day in question. In such a scenario communication is 
very important as inefficiencies can occur if a container is sent to one collection point when the 
transport operator is expecting it to go to the other, something that needs to be avoided.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Hybrid Distribution Scenario 
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5.0 DATA COLLECTION AND MODELLING 
 
5.1 Introduction 
 
This chapter provides a brief overview of the theory of freight modelling and a background on 
previous New Zealand research before focusing on the application of the knowledge drawn from 
these sources to the data collection and modelling process.  
 
 
5.2 Freight Modelling Theory 
 
In passenger transport modelling households have been studied extensively as the key decision 
making agents of urban development. Few freight studies, however, have focused on firms in this 
manner- largely due to the difficulty of acquiring quality data and the greater variety and 
uncertainty inherent in firm behaviour (Kumar & Kockelman, 2008; Samimi et al., 2010).  As such 
most studies have focused on commodity based modelling where annual commodity tonnages are 
used to estimate truck movements (Fischer & Han, 2001). While this approach is suitable for 
predicting port volumes or long-distance flows, it is less useful in modelling movements within an 
urban area as it does not take into account the routes taken or the distances travelled, important 
factors when dealing on a micro-scale. To properly model urban movements a vehicle based 
approach is needed. 
 
There are difficulties with this approach, however, as a transport firm’s client list, daily movements 
and future plans are commercially sensitive. Firms are reluctant to share this information given 
that container cartage is a competitive industry with relatively few barriers for customers to switch 
firms, making data acquisition difficult. A further issue with vehicle based studies as highlighted by 
Samimi et al. (2010) is that those individuals within a transport firm that are knowledgeable of the 
wider picture and able to provide survey data generally place a high value on time, leading to 
generally low response rates (an issue that was encountered in this research). 
 
While one potential solution is to use data collected in transport datasets these are insufficient in 
many cases due to a lack details on shipments and supply chains and also the general nature of the 
data collected (i.e. - freight movements as a whole), rather than the more specific data needed for 
this research (i.e. - container trucks only) - requiring the collection of primary data, an approach 
that many researchers attempt to avoid due to the generally higher costs of doing so (both in 
terms of time and money). 
  
Given this need the obstacles identified above (confidentiality and low response rates) must be 
overcome. One solution to the issue of confidentiality is aggregation meaning that the final results 
are unable to be traced back to the individual firms involved. As Samimi et al. (2010) highlight, 
however, aggregation generally leads to a loss of information, affecting both the accuracy and 
flexibility of any model. As such there is a delicate balancing act between coding data in a way that 
maintains confidentiality while still being useful and informative. The level of aggregation will 
depend on the study area as a study focusing on national or long-distance movements will 
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aggregate using cities or even regions, whereas for an urban study the suburb or meshblock level 
would be more appropriate. 
 
In regards to response rates there is little that can be done beyond offering assurances of 
confidentiality and anonymity, persistence and also flexibility in the way that data are gathered to 
minimise the time investment required by interested firms. Nevertheless, participation is 
voluntary and given the relatively small number of firms involved in the Christchurch container 
transport industry (and the wider circumstances in Christchurch during the data collection period) 
it is unavoidable that gaps in the data will occur due to non-participation by some firms. 
 
 
5.3 Previous New Zealand Research 
 
Until relatively recently most efforts to model traffic in New Zealand have focussed primarily on 
households using the household travel surveys administered by the Ministry of Transport (see 
O’Fallon & Sullivan, 2005; Abley et al., 2008). The nature of these surveys relies upon on a broad 
range of respondents detailing their personal movements. This differs markedly with the container 
transport industry in that there are only a relatively small number of operators, each controlling 
many vehicles and as such there is little from these household surveys that can be applied to the 
data collection for this research. 
 
What research that has been conducted on freight modelling has focused on long-haul movements 
(see Bolland et al., 2005; Jewell et al., 2007; Paling, 2008), as opposed to freight traffic movements 
within a city. As such, short-haul journeys have only been included when they are derived from a 
large-scale producer such as a dairy plant or a timber forest. This approach excludes the intra-city 
movements between container parks, distribution centres and retail premises that are the focus of 
much of the container trade. While informative, relatively little of these studies can be applied to 
the context of Christchurch container movements. However, recent attempts to quantify general 
freight within the Canterbury region have included some container traffic and are helpful as 
detailed below. 
 
The Traffic Design Group (2006) conducted a Commercial Vehicle Surveys Study in 1992 intending 
to identify the travel patterns of heavy vehicles. Initially this was conducted by interviewing drivers 
and recording their log book data for the previous day. This approach was abandoned, however, in 
favour of a postal survey attempting to engage firms to complete daily travel diaries. 
Unfortunately the response rate was very low, even amongst firms that had already expressed an 
interest in taking part. 
 
Between 2004 and 2006 the Traffic Design Group carried out a variety of trip generation studies 
including a Freight Generation Analysis Study, an Industrial Area Freight Generation Survey, a 
Retail (Mall) Freight Generation Study, a Residential Area Freight Generation Survey and the New 
Zealand Freight Operators Postal Survey (Traffic Design Group, 2006). These studies involved a 
variety of techniques including visual inspection, interviews (both telephone and face-to-face), 
both automatic and manual traffic counting and also a postal survey. 
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In 2005 the Canterbury Freight Data Collection Methodology Study, was undertaken by Gabites 
Porter. This study set out to identify the type of information recorded in the dispatch and weigh 
bill systems of Canterbury transport operators and to identify whether this data could be collated 
effectively. This research found that:   
 
 Operators found driver diaries to be too time consuming due to the number of trips made 
 
 Not all electronic despatch systems were able to capture all the data that was required 
 
 Paper based despatch systems required considerable processing to become useful 
 
 Installing GPS units in trucks to determine origin/destination pairings was expensive in terms 
of cost and in processing time (Traffic Design Group, 2006). 
 
 
These points were most useful in developing the methodology for this research as they highlighted 
real-world issues others had encountered. From reviewing these conclusions (and the earlier 
theory) it was also apparent that a very important consideration would be the amount of effort 
required by the transport operators to provide the necessary data. It would be expected that 
many firms would be busy or otherwise engaged and would only be able to spare so much time to 
contributing towards research when the same time could be spent on revenue generating 
activities. As such it becomes imperative to gather data in the form that is easiest for the firms 
involved (ideally a form that is already collected by the firm) and then to process said data into a 
more useful form once it has been received.  
 
 
5.4 Data Collection and Modelling 
 
This section defines the study area for this research, details the methodology used in the collection 
of data and in using spreadsheet analysis to model the three scenarios described earlier. In 
addition this section also examines the assumptions and limitations inherent in this research. 
 
 
5.4.1 Defining the Study Area 
 
The first step in the data collection process was to define the study area. The research area is the 
greater Christchurch area including the outlying satellite towns of Rangiora, Woodend, Kaiapoi, 
Templeton, Rolleston, Burnham and Lincoln. Data collected that involved journeys to or from 
locations outside this area were discarded. 
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5.4.2 Data Collection  
 
The data used in this research was sourced directly from selected operators. This was to ensure 
the accuracy and timeliness of the data, but also because the data required have not been 
specifically collected by Government agencies or industry bodies. This process evolved over time 
as the initial approach proved to be less effective and efficient than had been hoped during a test 
case. 
The first step in data collection was to observe the current situation so as to develop a feel and a 
baseline understanding of what was happening. This was initially conducted using the web cams 
provided by the port via their website to gain an appreciation of the frequency and volumes of 
truck movements through the port, and then via spending a day travelling in a truck that was 
delivering to and from the port thanks to one of the local operators. As part of this observation a 
note was made of all the major players in the Christchurch container freight industry (map shown 
in Appendix 2 (adapted from Auton, 2010)) as these were the firms that would be approached in 
the later stages of the data collection. 
 
Consideration was given at this time to the use of GPS/GIS outputs as a means of tracking truck 
movements, in discussion with the firm used as a test case this was quickly ruled out as they were 
unable to extract this data from their system. Given the expected difficulties in building a 
significant sample size it was deemed to be unwise to exclude the firm (and potentially other 
future firms) in this manner.  
 
As such the data required was to be gathered using a short questionnaire given to selected 
operators (as shown in Appendix 3). This quickly proved to be impractical in a test case due to the 
volume of containers moved, making the time taken to complete the questionnaire prohibitive for 
the operator. The firm did, however, already collect driver day sheets as part of their internal 
despatch processes, copies of which were made available. From these sheets it would be a 
relatively simple (albeit time-consuming) process to complete the questionnaire. Nevertheless, 
given the similarity between the data provided and the questionnaire it was judged to be more 
efficient to simply input the data directly into the model (discussed below) than to include the 
intermediate step of the questionnaire.  
 
Given the knowledge gained from this test case each firm that was approached was asked to 
provide the necessary data in the form that was most convenient for them. This form varied 
between firms due to the different internal systems used, ranging from physical copies of daily 
driver sheets to outputs from GIS despatch systems. These data were already in the form of origin 
to destination pairings which was the desired format for this research. In some cases, however, 
considerable processing was required to make use of the data, largely due to difficulties 
experienced in identifying some of the locations involved (as discussed in the limitations below). 
 
As a means of accounting for the variance in container flows between weeks, data were collected 
for two one-week periods; a busy week and an average week. These weeks were self-selected by 
the transport operators on the reasoning that they would be the most suitably placed to know 
what was an average or a busy week for their firm. As such these weeks are from different time 
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periods, reflecting that a busy week for one operator may in fact be a quiet period for another due 
to the nature of their client base and other operational factors 
 
Originally data on reefer containers was to be recorded separately. However as the research 
progressed it transpired that the operators involved did not specifically record whether or not a 
container was a reefer which made it impossible to acquire any representative results. Similarly, 
the nature of the data did not specify the time of day that the movement occurred, information 
that would have been very useful in determining peak flows through the port. 
 
 
5.4.3 Model Selection 
 
The model chosen type chosen was based upon the data available. In this case it was using a 
spreadsheet as this provided an automated means of storing and manipulating large volumes of 
data, could be easily copied and modified to take into account the different scenarios studied and 
also had the advantage of being readily accessible (unlike some other software). Nevertheless, this 
was not an automatic choice as other approaches had been considered as described below. 
 
A GIS based approach was originally the method of choice; however, as mentioned earlier the use 
of data from transport operators’ GIS systems was problematic to the difficulty (and inability) for 
some firms to extract this data. Consideration was given to whether the origin/destination pairings 
obtained could be entered into a GIS model manually, unfortunately the available road network 
shapefiles failed to take into account one-way streets or the longer journeys sometimes required 
as a result of dual-carriageways. This approach also required assumptions to be made as to the 
route travelled and as such was no more accurate (and in the case of the one-way network less so) 
than calculating the various journey lengths ArcGIS explorer or Google Maps would be. As such, 
there was little (if any) practical gain to be achieved in using this system over a spreadsheet. 
 
In the early stages consideration was also given to the use of a producer based model whereby 
large importers/exporters would be approached instead of the transport operators. This was 
rejected, however, on the grounds that it would increase the probability of missing data as 
identifying all potential importers and exporters would be much more difficult and time-
consuming than the relatively limited and more easily identifiable transport operators. This 
approach was also likely to exclude many of the journeys made by empty containers or involving 
container parks as these are decisions often made by transport operators or other agents acting 
on behalf of the importer/exporter.  
 
The use of a gravity model was also quickly discounted due to the size of the study area (involving 
only the one practical option for an export gateway) and the near absolute need for the trips to be 
made (if an export order has been taken or one branch of a chain store is low on stock then the 
goods must be delivered). As such there is very little friction in the system; longer travel times and 
other impedances simply become an added cost to the supply chain (at least in the short-term).  
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5.4.4 Data Coding 
 
The raw data needed coding before it could be entered into the spreadsheet model. This was 
because it was impossible to enter the data into the spreadsheet model in its raw form as each 
journey would need to be handled individually which would be impractical – coding allowed for 
the data to be aggregated into more manageable chunks. This also allowed for the anonymity of 
the data (both of the transport firm themselves and their customers) to be assured, an important 
consideration given that such a commitment was made in order to gain access to the data. To 
accomplish these goals a grid system was used (the use of New Zealand meshblocks was 
considered but rejected as it allowed some origins/destinations to be identified by firm). This 
system divided the city into a series of one kilometre by one kilometre cells (labelled A1 to T28 
with the outlying townships given their own identifier). An example of this grid system is shown 
below (a larger version can be found in Appendix 4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Basemap Sourced from: Bing Maps Road, 2011) 
Figure 8: Grid Map Example 
 
 
Using ARCGIS Explorer the locations of the individual firms (both origins and destinations) were 
added to this basemap (not shown to maintain confidentiality). The street addresses of these 
locations were identified using either the telephone directory, an internet search or where all else 
failed asking the transport operator themselves. Once this had been completed a spreadsheet was 
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created listing the individual locations and the grid cell which they occupied. Using this list the raw 
data were then manually coded into the appropriate origin grid cell to destination grid cell pairings 
(e.g. - S20O17 would represent a movement from Lyttelton to the area of Woolston 
surrounding the CityDepot). 
 
 
5.4.5 Overview of Raw Results 
 
An overview of this raw data can be seen in figure 9 below, showing where the primary clusters of 
origins/destinations were located in this research (a larger version can be found in Appendix 5).  
These movements were primarily found in six regions (excluding the port itself); The 
Hornby/Islington/Halswell area (A), the area along Blenheim Road (B), along Moorhouse Avenue 
(C), the Woolston/Hillsborough area (D), to the West of Dyers Road (E) and finally the area 
adjacent to the International Airport (F). One feature of note is that these areas are, with the 
exception of the Airport and Dyers Road, immediately adjacent to the existing rail network within 
Christchurch. This suggests that there is the potential to better utilise rail as a transport mode by 
servicing these areas using short-haul rail shuttles. It is also important to remember that the 
satellite towns of Rolleston, Rangiora and Kaiapoi (not shown on the below map) are all also on 
the rail network and could make better use of this existing infrastructure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Basemap Sourced from: Bing Maps Road, 2011) 
Figure 9: Origin/Destinations Groupings 
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From these locations over 2,000 movements were recorded across both the average and the busy 
weeks studied. Not all of these movements occurred directly from the port itself. However, in 
discussions with the operators involved it became clear that almost all of the containers in the 
area had entered and exited the region via Lyttelton (those that originated or ended outside the 
study area were discarded as identified in 5.4.1). 
These indirect movements are important as it is not uncommon for a container to be moved from 
the port to a container park, then later to an importers premises, then to another location again 
(perhaps an exporters premises) before eventually returning to the port a week or two after 
leaving. These journeys needed to be captured as they are just as critical to the supply chain as a 
whole. In effect each movement can be seen as just a stop or a break on the larger journey back to 
the Port. 
 
Table 2 below provides a breakdown of the containers moved during the study period. This shows 
that in both weeks there was a relatively even split in the numbers of twenty and forty foot 
containers moved, both in total and through the port in particular. Unfortunately it is not possible 
to be more precise in the type of containers used (e.g. - high cubes, reefers, etc…) as many of the 
operators involved did not have these data available as for their purposes all they were concerned 
about was whether it was a twenty or a forty foot container- as this was the footprint that it would 
take up on their truck. This breakdown also shows the number of containers that were travelling 
through the port as opposed to the across-town journeys that occurred. See Appendices 6 and 7 
for a container breakdown by firm and Appendices 8-11 for an overview of the number of journeys 
through the port (explained in more detail in 5.4.5 below). One issue experienced at this stage was 
that one of the operators could not distinguish between 20 and 40 foot containers using their 
dispatch system and as such the breakdown for this firm was assumed to be the average of the 
other firms involved. 
 
Table 2: Container Breakdown (Based on Collected Sample Size) 
 Average Week Busy Week 
Container Size Twenty 
Foot 
Forty 
Foot 
Total Twenty 
Foot 
Forty 
Foot 
Total 
Total Containers 433 
 
 
395 828 652 588 1,240 
Total TEU 433 
 
 
790 1,223 652 1,176 1,828 
Percentage of Each 
Container Type 
52.3% 
 
 
47.7% N/A 52.6% 47.4% N/A 
Containers Through Port 227 
 
 
174 401 363 280 643 
TEU Through Port 224 
 
 
354 578 363 560 923 
Percentage of Each 
Container Type Through 
Port 
55.9% 44.1% N/A 56.4% 43.6% N/A 
49 
 
 
5.4.6 Spreadsheet Analysis 
 
The three scenarios studied in this research were analysed using spreadsheet models. These 
spreadsheets recorded the trip pairings identified earlier; the distances travelled during these 
pairings (detailed in the next paragraph) and also summated the trip and distance figures to arrive 
at the final results. An annotated example of this spreadsheet is shown below. Due to the size of 
the spreadsheets used it is not possible to show it in its entirety, as not only is the sheet several 
screen widths wide it is very long as each of the over 400 possible origins had the same number of 
possible destinations. This example is repeated for the other firms involved as shown in 
Appendices 8 and 9 which include the results for which cell S20 (the Port) is the origin in the 
baseline scenario (with the destinations that no journeys occurred to having been removed). This 
process was repeated for the other origin cells and scenarios. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: Workbook Example 
 
 
 
Origin Cell 
Destination 
Cell 
Distance 
between 
Origin and 
Destination 
Firm Identifier Number of Journeys Made (By Day and Weekly Total) 
Week Identifiers (Broken into Multiple Workbooks due to Size Restrictions) 
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In calculating the distances between two cells it was decided to use the distance between the 
centres of the two occupied cells (leading to a margin of error of plus or minus 1km) as this was 
assumed to be representative of the average distance between the two firms. An exception was 
made, however, for cell S20 as all journeys to this cell were to or from the port and as such the 
journeys were calculated from the port itself. These distances were calculated in ArcGIS Explorer 
as the software includes the capability to measure the shortest distance between two points using 
the road network, as shown below. These distances were then manually entered into the 
spreadsheet. Due to time considerations these calculations were only conducted for those pairings 
where a journey occurred. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: Distance Calculations (Using the example of the port to cell O17- the location of the 
CityDepot) 
 
 
5.4.7 Scenario Two Spreadsheet Analysis 
 
In modelling the inland port only scenario a copy of the spreadsheet was made and adjusted to 
reflect the changes in distribution structure occurring. Due to the isolated nature of the port it was 
relatively easy to identify journeys involving the port as any trips to or from cell S20 were either to 
the port itself or a storage area awaiting the arrival of a ship (primarily for frozen goods). As such 
the origin and destination cells for these journeys were manually altered from S20 to the inland 
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port location. While there are several cells within the Islington area that would be workable, for 
the purposes of these calculations L2 was selected as it was both centrally located within the 
region and relatively undeveloped, though one could make a compelling case to locate an inland 
port in many other nearby but slightly more distant cells.    
 
Removing the CityDepot from the model was more difficult as there were many other 
origins/destinations within the same grid cell as the CityDepot (O17). As a result it was necessary 
to go back to the raw data to determine which journeys involved the CityDepot. In practice 
however, few journeys actually used the CityDepot, especially compared to the volumes travelling 
through the port itself. This also meant that several journeys which had previously been discarded 
as they were to/from the CityDepot and another location within the same cell (see spreadsheet 
model limitations below) could now be added back into the model resulting in a higher number of 
journeys in this scenario than in the baseline. 
 
When changing these origin/destination cells the spreadsheet automatically recalculated the total 
vehicle-kilometres-travelled, though this did require that distance calculations be manually 
calculated for the journeys to and from the inland port as these had not previously been 
calculated. 
 
 
5.4.8 Scenario Three Spreadsheet Analysis 
 
The first step in modelling this scenario was to determine for which grid cells the CityDepot (O17) 
was closer and which were closer to the site of the proposed inland port (L2). Once this was done 
all traffic to the port (cell S20) was then assigned to the nearest distribution point. A full list of 
which destinations were closest to which distribution point can be found in Appendices 12 and 13. 
This did create a small inaccuracy, however, as many journeys that now both originated and ended 
within the same cell as the CityDepot were no longer counted.  
 
For some journeys (primarily those in a North-South line that would include Hagley Park) the 
difference between using one distribution point or the other was marginal and as such a firm 
might choose to use the slightly more distant point if it was actually a faster trip, closer to their 
depot, less likely to be busy in terms of truck loading/unloading times or other convenience factors 
and as such the results will differ slightly from reality as firms take this into account when making 
the decision as to which point to use.  
 
Once again changing these origin/destination cells caused the spreadsheet to automatically 
recalculate the total vehicle-kilometres travelled. 
 
 
5.4.9 Model Scaling 
 
Currently 274,000 TEU move through the port of Lyttelton in a year (LPC, 2010)- this equates to an 
average of 5,270 TEU per week (274,000/52). To better represent reality the model results were 
scaled to this level. As the figure of 5,270 TEU is what one would expect for an average week in 
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reality it was the TEU figures for the average week in the results that was used to determine the 
scaling factor needed. For scenario one this involved multiplying the 578 TEU moving through the 
port by 9.12 (rounded). The busy week was scaled by this same amount to maintain the same ratio 
between the two weeks as in the unscaled results. 
 
One complication was the differing number of journeys taking place in the various scenarios 
resulting from the models inability to record trips travelling within the same cell. As such a 
different scaling factor had to be used in each scenario to allow for a fair comparison between 
scenarios. The scaling factors in the table below were used to ensure that each scenario was based 
on an average week of 5,270 TEU.  
 
Table 3: Model Scaling 
Scenario Scenario One Scenario Two Scenario Three 
% of Expected Volume 10.97% 11.01% 10.85% 
Scaling Factor 9.12 
 
9.09 9.21 
 
 
By examining the busy weeks (once scaled) it is possible to gain an appreciation of the peak loading 
through the port- in this case 8,418 TEU, an increase of approximately 60% over an average week. 
This shows that there is considerable variation in flows- any inland port development will need to 
have significant buffering in its systems to handle these peak volumes.
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6.0 RESULTS AND ANALYSIS 
 
6.1 Introduction 
 
This chapter contains provides an overview of the three scenarios studied, followed by an 
explanation of the externality calculations undertaken and the subsequent results. Finally there is 
an overview of the limitations encountered and assumptions made in this research. 
 
 
6.2 Scenario Overviews 
 
This section summarises the raw results of the three scenarios studied, detailing the number of 
containers and TEU moved both in total and through the port and also the average journey length 
and rail shuttle use (where applicable) in each scenario. This aggregated data is then used in the 
later analysis to determine the benefits of an inland port for Christchurch. 
 
 
6.2.1 Baseline Scenario 
 
Table 4 below aggregates the results from the baseline scenario for both the average and the busy 
weeks studied in this research- providing a measure against which to compare scenarios two and 
three. The figures in this table are taken from several appendices which provide a more complete 
understanding of how these numbers were calculated- for the purposes of further analysis (as 
conducted later in this chapter) it is only the total figures below that are important. 
 
The figures for the container volumes moved are based upon Appendix 14 which contains a 
breakdown of all container movements by origin cell. The figures for container volumes through 
the port are derived from the totals calculated in Appendix 6 (These figures are based on adding 
the total number of journeys originating from the port to those where the port was the 
destination- for a more detailed breakdown see Appendices 8 and 10 for the average week and 
Appendices 9 and 10 for the busy week).  
 
TEU figures have been calculated by going back to the raw data and manually tallying the numbers 
of 20 and 40 foot containers (using the average figure for the firm where the container size was 
not available); this can be seen in Appendices 6 and 7. The average journey length is expressed in 
Appendix 14 whereby the total distances travelled (10,636.1 km in the average week and 15,627.4 
km in the busy week) are divided by the total number of journeys (828 and 1,240 respectively). 
 
Table 4: Baseline Scenario Overview 
 Average Week Busy Week Sum of Both Weeks 
Total Containers 828 1,240 2,068 
Total TEU 1,223 1,828 3,051 
Containers Through Port 401 643 1,044 
TEU Through Port 578 923 1,501 
Average Journey Length 12.85 km 12.60 km 12.70 km 
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6.2.2 Scenario Two  
 
In scenario two containers are distributed solely from the proposed inland port located in the 
Islington area. The results from this scenario are presented in table 5 below and show that a 
reduction in the average road journey length of nearly 2.2km can be achieved by this scenario, a 
saving of 17%. This suggests a weighting in the model towards movements occurring to or from 
the Western side of Christchurch- though this is largely influenced by the location of the Port Hills 
which creates a barrier between the port and its hinterland that is avoided by the inland port. As in 
the baseline scenario the source of these figures can be found in Appendices 6, 7 and 14. 
 
Table 5: Scenario Two Overview 
*   Note that journeys between the CityDepot and other locations within the same cell that were previously omitted have been included in 
this scenario. 
 
 
This does not, however, take into account the need to move these containers from the inland port 
to Lyttelton.  Given an expected rail capacity of 48 TEU per train due to space limitations at the 
port (Auton, 2010), moving this volume of containers will require an average of 13 journeys per 
week (rounded up to whole journeys) based upon these raw results (calculated by dividing the TEU 
to be moved by 48 TEU per train, in the average week this is 580/48) - with a peak of 20 assuming 
the busy week to be a worst case scenario (see table 6 below).  
One added complication is that many of these containers will be reefers and as such can only be 
off power for 30 minutes at a time. There are several possible solutions to this problem. As the 
journey to the CityDepot is only a few minutes it is possible to load reefer containers onto the 
trains last and to immediately offload the reefers at the other end (though this poses 
organisational challenges), a better solution would be to have power available alongside the 
sidings until the train is ready to depart or to be unloaded. Alternatively wagons with generators 
could be used, though at the loss of some capacity due to the higher space requirements. All else 
failing these containers could be distributed by road (though at the loss of many of the benefits 
identified in this research). For the purposes of this analysis it has been assumed that a solution 
could be found whereby no capacity loss would occur and where all journeys would continue to be 
made by rail. 
When the results are scaled to match the expected weekly volumes of 5,270 TEU per week (see 
5.4.9) this equates to an average of 119 journeys with a peak of 182. The implications of these 
movements in regards to energy usage and the environment will be further discussed in the later 
parts of this chapter. 
 
 
 Average Week Busy Week Sum of Both Weeks 
Total Containers 829* 1,245* 2,074* 
Total TEU 1,225 1,837 3,062 
Containers Through Port 402 648 1,050 
TEU Through Port 580 932 1,512 
Average Journey Length 10.65 km 10.45 km 10.53 km 
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Table 6: Rail Shuttle Usage (Scenario Two) 
 Average Week Busy Week Sum of Both Weeks 
Total TEU Moved via Rail 580 932 1,512 
Number of TEU per Train 48 48 48 
Number of Train Journeys 13 20 33 
 
 
6.2.3 Scenario Three  
 
Scenario three involves the use of two distribution points within Christchurch; one in Islington and 
another based at the current CityDepot site in Woolston. The results for this scenario are outlined 
in Table 7 below. Once again the source of these figures can be found in Appendices 6, 7 and 14. 
 
Table 7: Scenario Three Overview 
*   Note that journeys between the port and O17 (the cell containing the CityDepot) have been omitted from this scenario as these 
journeys would now be distributed out of the CityDepot itself and one limitation of the model is that it does not include journeys both 
beginning and ending within the same cell. At the same time journeys previously occurring from the CityDepot have been merged into 
the figures for containers moving through the port. 
 
 
The use of these two separate distribution points significantly reduces the average journey length 
to 7.65 km, a saving of just over 5 kilometres (40%).  This is particularly noticeable in terms of 
reduced truck movements through the Lyttelton Tunnel with zero movements occurring as 
opposed to the thousands that would have occurred under the baseline scenario (once scaled). 
Though this scenario does call for a greater number of rail movements than the baseline it is the 
same number as the inland port only scenario as it is the same number of containers being moved 
by rail with an average of 120 journeys per week (accounting for an extra journey due to rounding 
when scaling). It must also be remembered that many of these journeys (approximately 40% or 46 
journeys in an average week) are over the shorter distance between the CityDepot and the port, 
reducing the impact on motorists caused by level crossings. 
 
Table 8:  Rail Shuttle Usage (Scenario Three) 
 Average Week Busy Week Sum of Both Weeks 
Islington CityDepot Islington CityDepot Islington CityDepot 
Total TEU Moved via Rail 345 227 523 345 868 572 
Number of TEU per Train 48 48 48 
Number of Train Journeys 8 5 11 8 19 13 
 
 
 
 
 Average Week Busy Week Sum of Both Weeks 
Total Containers 793* 1,164* 1,957* 
Total TEU 1,172 1,720 2,892 
Containers Through Port 393 606 999 
TEU Through Port 572 868 1,440 
Average Journey Length 7.86 km 7.51 km 7.65 km 
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6.3 Externality Calculations 
 
This section examines and quantifies the externalities inherent in each of three scenarios. This 
includes VKT, congestion, fuel and energy usage and also CO2 emissions. 
  
 
6.3.1 Vehicle-Kilometres Travelled  
One of the many justifications for an inland port is the potential to reduce vehicle-kilometres 
travelled and in turn reduce fuel usage and congestion. The VKT travelled was determined as part 
of the spreadsheet analysis (described in 5.4.5) and is summarised in Table 9 below, showing the 
savings that could occur under each of the three scenarios analysed. A full overview of the raw 
results from which VKT figures below were calculated can be found in Appendix 14. 
 
Table 9: Vehicle-Kilometres Travelled per Scenario 
Scenario Average Week Busy Week Total 
Baseline 10,636 km 15,627 km 26,263 km 
Two* 8,826 km 13,005 km 21,831 km 
Three** 6,234 km 8,742 km 14,975 km 
*  Note that journeys between the CityDepot and other locations within the same cell that were previously omitted have been included in 
this scenario. 
**Note that journeys between the port and O17 (the cell containing the CityDepot) have been omitted from this scenario as these 
journeys would now be distributed out of the CityDepot itself and one limitation of the model is that it does not include journeys both 
beginning and ending within the same cell. At the same time journeys previously occurring from the CityDepot have been merged into 
the figures for containers moving through the port. 
 
 
Table 10 below scales these results and shows that vehicle-kilometres travelled savings of 
approximately 17% can be gained from an inland port only scenario (scenario two) with scenario 
three achieving a reduction of over 40%; equating to approximately 40,000km less travel by heavy 
vehicles in an average week. This is especially significant when one considers that these reductions 
will be concentrated in certain already congested areas as shown in the congestion analysis that 
follows. 
 
Table 10: Vehicle-Kilometre Travelled per Scenario (Scaled) 
Scenario Average Week Busy Week Total 
Distance % Change Distance % Change Distance % Change 
Baseline 97,000 km N/A 142,518 km N/A 239,518 km N/A 
Two 80,228 km -17.3% 118,215 km -17.1% 198,443 km -17.1% 
Three 57,415 km -40.8% 80,514 km -43.5% 137,919 km -42.4% 
 
 
6.3.2 Congestion  
 
Congestion is a very real issue for freight operators (and commuters in general); longer journey 
times lead to reduced efficiencies and higher costs that are ultimately paid for by the end user of 
the goods being moved. In order to quantify the congestion impacts of the various scenarios a 
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selection of control points were chosen within Christchurch city along routes and at intersections 
that are identified as strategic links in the Canterbury Regional Transport Strategy (2008) and 
which are anecdotally known to be congested. These locations are listed in the table below and 
shown visually in Appendix 15. 
 
Table 11: Control Point Locations 
Control Point 
Location 
A 
Intersection of Brougham Street and Garlands Road 
 
B 
Intersection of Brougham Street and Colombo Street 
 
C 
Intersection of Blenheim Road and Matipo Street 
 
D 
Sockburn Roundabout 
 
E 
Intersection of Main South Road and Carmen Road 
 
F 
Intersection of Springs Road and Halswell Junction Road 
 
G 
Intersection of Tunnel Road and Ferry Road 
 
H 
Christchurch Southern Motorway 
 
 
 
Using the trip routes identified in the earlier distance calculations (shown in 5.4.5 above) each 
route was manually examined to determine which control points were crossed. This was recorded 
in a spreadsheet, an example of which is shown below. From this the total number of times each 
point was crossed could be determined by calculating the sum of all these trips to arrive at the 
final figures. Each of the two weeks studied were recorded in separate workbooks and all three 
scenarios were recorded in separate spreadsheets to avoid confusion.  
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Figure 12: Congestion Calculation Spreadsheet Example  
 
 
A notable omission from this analysis is the Lyttelton Road Tunnel which has not been included as 
in scenarios two and three all container traffic is diverted away from this route via rail (a 100% 
decrease). The raw data for this analysis can be found in Appendices 16-21 whereas a summary of 
these results (scaled up to represent reality) is included in the table below (see Appendices 22 and 
23 for a more detailed summary). 
 
 
 
Does the journey cross the control point? 
Yes = 1, No = 0 
Number of trips multiplied by 1 if the 
journey passed the point or by 0 if it didn’t 
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Table 12: Congestion Control Point Analysis (Sum of Both Weeks Scaled) 
 
Control Point 
 
Scenario One Scenario Two Scenario Three 
Total Total % Change Total % Change 
A: Intersection of Brougham 
Street and Garlands Road 
 
11,364 8,645 -23.9% 7,202 -36.6% 
B: Intersection of Brougham 
Street and Colombo Street 
 
10,534 8,054 -23.5% 5,176 -50.9% 
C: Intersection of Blenheim 
Road and Matipo Street 
 
556 1,900 +241.7% 608 +9.4% 
 
D: Sockburn Roundabout 
 
7,962 9,944 +24.9% 5,369 -32.6% 
E: Intersection of Main South 
Road and Carmen Road 
 
2,855 3,109 +8.9% 2,275 -20.3% 
F: Intersection of Springs 
Road and Halswell Junction 
Road 
2,472 1,082 -56.2% 1,105 -55.3% 
G: Intersection of Tunnel 
Road and Ferry Road 
 
2,289 791 -65.4% 810 -64.6% 
H: Christchurch Southern 
Motorway 
 
8,427 7,181 -14.8% 4,246 -49.6% 
 
All Points 
 
46,457 40,705 -12.4% 26,792 -42.3% 
 
 
These results show the difficulties associated with congestion in that one can very rarely avoid the 
need for a journey altogether. What can be done, however, is to shorten journeys or to move 
them onto less congested routes. A consequence of this is that in order to gain improvements in 
some areas other routes leading to the proposed Islington inland port will experience increased 
congestion, particularly along Blenheim Road in scenario two, this effect needs to be considered 
and ideally mitigated were such a development to occur. Nevertheless, scenario two still saw an 
overall reduction in the number of control points passed of 12.4%; this was eclipsed, however, by 
the 42.3% reduction in scenario three. This was largely as a result of the shortening of longer or 
across-town journeys through the use of the two distribution points in this scenario.  
 
 
6.3.3 Diesel Usage 
 
In calculating the amount of diesel fuel consumed the assumption was made that a container truck 
in the Christchurch environment would use 62.5L/100km. This figure was arrived at by asking 
several of the operators involved in this research for an estimate of their average fuel usage. While 
this figure initially appeared on the high side one must remember that the trucks in question are 
involved in predominantly urban travel (increasing fuel usage) and also that the vehicles spend a 
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large amount of time idling both at the port and when loading and unloading at other locations 
resulting the use of considerable amounts of fuel without covering any (or a very short) distance. 
As they are used predominantly for short-haul travel they are also more likely to be older trucks as 
many operators will use their newer, more fuel efficient vehicles on longer journeys.  
 
It was also necessary in the second and third scenarios to account for the fuel used when 
transferring containers between the inland port and Lyttelton via rail. Unfortunately KiwiRail does 
not currently record the actual fuel usage for the remote shunters operating between the 
CityDepot and Lyttelton making a comparison of fuel usage with road difficult (O’Donoghue, 2012). 
New Zealand literature suggests that moving freight by rail is approximately four times as fuel 
efficient as moving the same freight via road (The Seachange Strategy, 2008). This is consistent 
with international research (The Association of American Railroads, 2011), however, these figures 
are for fuel usage in a general sense as opposed to the specific case of Christchurch and does not 
take into account factors such as terrain, locomotive type or train length. Nevertheless, given the 
lack of specific data this assumption of rail being four times as efficient serves as a “best-guess”. 
Given a road fuel economy of 62.5L per 100km this would work out to a rail economy of 15.625L 
per 100km per container.   
 
As the train capacity figures in this research are based on TEU not container numbers this figure 
needs to be translated into fuel used per TEU. This was accomplished by divding the total TEU 
moved by the total number of containers. This determined that on average each truck would be 
carrying 1.48 TEU. This results in a train fuel economy of 10.6L per 100km per TEU. 
 
Given an expected rail capacity of 48 TEU per train (resulting from space constaints at the port 
(Auton, 2010)), this equates to 509L per 100km per full train. Table 13 below calculates the fuel 
usage per journey between Lyttelton and either the Islington Inland Port or the CityDepot using 
the distances of 22km for Islington (Auton, 2010) and 7.5km for the CityDepot (O’Donoghue, 
2012). 
 
Table 13: Fuel Usage per Rail Journey 
 Islington CityDepot 
Journey Length 22km 7.5km 
Fuel Usage per Journey 112L 38L 
 
 
Given rising fuel prices a possible reduction in diesel usage is also a potential justification for an 
inland port via reducing the cost of moving a container. This is in conjunction with the 
environmental benefits of reduced emissions from diesel and the resulting social and health 
effects of these emissions. What one must consider, however, is that any saving in fuel usage by 
reducing  truck movements will be at least partially offset by increased rail fuel usage as shown in 
table 14 below (a more detailed analysis can be found in Appendix 24). In this table the fuel usage 
for road was calculated by multiplying the VKT moved (see 6.3.1) by the fuel economy rate of 
62.5L per 100 km identified above. Using the example of scenario two this works out to 21,821km 
(see table 9), which when multiplied by 62.5/100 equals 13,644L as shown below. This was then 
added to the rail fuel usage which was calculated by multiplying the fuel usage per journey 
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(identified above) by the number of journeys needed to handle the TEU volumes, in scenario two 
this is the 112L per trip to Islington (table 13) multiplied by the 33 journeys as identified in table 6 
(see 6.2), giving 3,696L. The fuel usage per TEU was calculated by dividing the total fuel used by 
the TEU moved in each scenario (as identified in 6.2 above), using the example of scenario two 
again this is 17,340L (13,644 + 3,696) divided by 3,062 TEU (see table 5) resulting in 5.7L of diesel 
per TEU moved. 
 
Table 14: Fuel Usage per Scenario (Sum of both Weeks) 
*Calculated using unrounded figures  
 
 
This shows that while the inland port only scenario reduces vehicle-kilometres travelled it is 
actually less fuel efficient due to the comparatively long rail journeys required from Islington- 
resulting in greater fuel use of 5.2% over the baseline scenario. Nevertheless, with a second 
distribution point (scenario three) significant savings of 23.0% can be achieved as containers are 
now able to be distributed out of whichever distribution point is closest. A summary of these 
results that has been scaled can be found in Table 15 below, with a more detailed version in 
Appendix 25 showing that this would lead to a saving of over nearly 15,000L of diesel in an average 
week.  
 
Table 15: Fuel Usage per Scenario (Sum of both Weeks Scaled) 
 
 
 
 
 
 
 
 
*Calculated using unrounded figures  
 
 
6.3.4 Energy  
 
From this fuel figure the total energy used in the model was derived. The method by which the 
total energy usage was calculated was to multiply the amount of diesel used (in litres) by the 
energy content of one litre of Diesel in New Zealand: 36 MJ/L (Ministry of Economic Development, 
2011) as shown in Figure 13 below. Using the example of scenario two again this sees the diesel 
usage of 17,340L multiplied by 36 to give 624,340MJ (as shown in table 16). 
 
 
 Scenario One Scenario Two Scenario Three 
Diesel Used by Road  16,415 L 13,644 L 9,360 L 
Diesel Used by Rail N/A 3,696 L 2,622 L 
Total Diesel Used 16,415 L 17,340 L 11,982 L 
Diesel Used per TEU Moved  5.4L 5.7 L 4.1 L 
Change per TEU vs. Baseline* N/A +5.2% -23.0% 
 Scenario One Scenario Two Scenario Three 
Diesel Used by Road  149,705 L 124,024 L 86,206 L 
Diesel Used by Rail N/A 33,597 L 24,149 L 
Total Diesel Used 149,705 L 157,621 L 110,355 L 
Diesel Used per TEU Moved  5.4 L 5.7 L 4.1 L 
Change per TEU vs. Baseline* N/A +5.2% -23.0% 
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Figure 13: Energy Usage Calculation 
 
 
As they are derived from the fuel used the figures below are identical to those for fuel usage in 
terms of a percentage, with scenario two once again resulting in reduced efficiency over the 
baseline and with scenario three making considerable savings as shown in table 16 below (see 
Appendix 26 for a more detailed analysis). 
 
Table 16: Energy Usage per Scenario (Sum of both Weeks) 
 
 
 
 
 
 
 
 
*Calculated using unrounded figures  
 
 
Table 17 below summarises these energy reductions after taking scaling into account, once this 
has been done it can be seen that scenario three will lead to a reduction in energy use of 
approximately five hundred and thirty thousand MJ  in an average week (see Appendix 27)- 
roughly equivalent to 87 barrels of oil (Alternative Action Energy Network, 2005). 
 
Table 17: Energy Usage per Scenario (Sum of both Weeks Scaled) 
 
 
 
 
 
 
 
 
*Calculated using unrounded figures  
 
 
6.3.5  CO2  
The amount of carbon dioxide (CO2) produced is also derived from the fuel usage. To calculate the 
direct CO2 production one multiplies the fuel economy per 100km by the constant of 26.4 to result 
in the amount of CO2 produced per kilometre travelled. Using the figure of 62.5L/100km this is 
1650g/km for the road journeys in this research (SpritMonitor, n.d). This can then be multiplied by 
the kilometres travelled to result in a total amount of CO2, produced  as shown in figure 14 below. 
Again in using the example of scenario two this requires the diesel usage of 17,340L (being the 
 Scenario One Scenario Two Scenario Three 
Energy Used by Road  590,940 MJ 491,184 MJ 336,960 MJ 
Energy Used by Rail N/A 133,056 MJ 94,392 MJ 
Total Energy Used 590,940 MJ 624,340 MJ 431,352 MJ 
Energy Used per TEU Moved  194 MJ 204 MJ 149 MJ 
Change per TEU vs. Baseline* N/A +5.2% -23.0% 
 Scenario One Scenario Two Scenario Three 
Energy Used by Road  5,389,372 MJ 4,464,863 MJ 3,103,402 MJ 
Energy Used by Rail N/A 1,209,479 MJ 869,350 MJ 
Total Energy Used 5,389,372 MJ 5,675,252 MJ 3,972,752 MJ 
Energy Used per TEU Moved  194 MJ 204 MJ 149 MJ 
Change per TEU vs. Baseline* N/A +5.2% -23.0% 
Energy 
Used (MJ) 
Diesel 
Used 
(litres) 
36 (MJ/L) = x 
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result of multiplying the fuel economy times the distance for both road and rail and adding them 
together) being multiplied by 26.4, giving a result of 457,776g of CO2. 
 
 
 
 
Figure 14: CO2 Production Calculation 
 
 
As is the case with energy usage these figures are derived from the fuel used and as such are 
identical in terms of a percentage change as shown in table 18 below (an expanded analysis can be 
found in Appendix 28). These figures also include indirect CO2 emissions accounting for the CO2 
emitted in extracting and distributing fuel, this represents an additional 0.43 kg/L (Thull, 2012 in 
O’Donoghue, 2012), increasing the CO2 emission constant above to 30.7 in total (returning to the 
scenario two example this results in an additional 74,562g for a total of 532,337g in total). 
 
Table 18: CO2 Emissions per Scenario (Sum of both Weeks) 
 
 
 
 
 
 
 
 
 
 
 
*Calculated using unrounded figures  
 
 
A scaled version of this analysis can be found below (or in Appendix 29), with a potential saving of 
425,000g of CO2 in an average week under scenario three (approximately 22,000kg per annum). 
 
Table 19: CO2 Emissions per Scenario (Sum of both Weeks Scaled) 
 
 
 
 
 
 
 
 
 
 
 
*Calculated using unrounded figures  
 
 
 Scenario One Scenario Two Scenario Three 
CO2 Produced by Road  433,356g 360,201g 247,104g 
CO2 Produced by Rail N/A 97,574g 69,221g 
Total Direct CO2 Produced 433,356g 457,776g 316,325g 
Indirect CO2 Produced 70,585g 74,562g 51,523g 
Total CO2 Produced 503,941g 532,337g 367,848g 
CO2 Produced per TEU Moved  165g 174g 127g 
Change per TEU vs. Baseline* N/A +5.2% -23.0% 
 Scenario One Scenario Two Scenario Three 
CO2 Produced by Road  3,952,207g 3,274,236g 2,275,828g 
CO2 Produced by Rail N/A 886,948g 637,525g 
Total  Direct CO2 Produced 3,952,207g 4,161,184g 2,913,353g 
Indirect CO2 Produced 643,735g 677,769g 474,527g 
Total CO2 Produced 4,595,942g 4,838,953g 3,387,880g 
CO2 Produced per TEU Moved  165g 174g 127g 
Change per TEU vs. Baseline* N/A +5.2% -23.0% 
CO2 
Produced 
(g) 
  
= x Fuel Economy 
(litres/100km) 
26.4 x Total Kilometres 
Travelled 
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6.4 Research Limitations 
 
This research experienced several limitations that needed to be overcome (or where this was not 
possible mitigated). These have been divided into three categories; data collection limitations, 
spreadsheet analysis limitations and broader limitations. 
 
 
6.4.1 Data Collection Limitations 
 
This data collection process experienced several limitations and constraints as detailed below: 
 
 Data quality: One difficulty encountered when processing the raw data was the ambiguity in 
location of journey start and end points. In most cases it was only the company name that 
was recorded as for the operator’s purposes this is all that they required. In order to clarify 
any confusion operators were asked the location of otherwise difficult to locate sites, e.g.- 
which branch of a chain store was being delivered to or what a particular abbreviation or 
short-hand referred to. In this way it was possible to identify the vast majority of 
origins/destinations, though some pairings had to be discarded as it was not always 100% 
clear, particularly in regards to driver’s day sheets that on occasion did not specify the 
branch visited or other important identifiers.  
 
 Limited sample size: Achieving a large enough sample size for the results to be 
representative was also a challenge. While all major firms in the study area were 
approached via a combination of letter, email, telephone and in some cases a personal visit, 
the response rate was relatively low. Three firms were willing to be involved, representing in 
the vicinity of 11% of the expected weekly volume through the port across approximately 30 
trucks (it is hard to provide an exact figure as the total number of trucks varied from day to 
day as some trucks were also used for long-haul journeys or remained idle on some days). 
These firms were based on both sides of the city with a reasonably even split (in terms of 
total size) between operators based in the Sockburn and Woolston Freight Hubs. It must be 
noted that the results for the firms involved were relatively similar as a large part of each 
operators business involved either the port or the container parks- suggesting that the 
variance between firms may not be as large as one would initially assume. 
 
 Variation in activity: There is an element of variation in activity when it comes to transport 
movements, not just to seasonality but also but also between weeks as the number of ships 
arriving at the port can vary significantly. To partially account for this variance the data were 
collected for two one week periods; an average and a busy week (as explained in 5.4.2). It is 
recognised, however, that this in no way fully accounts for the impacts of seasonality as 
doing so would require a much larger sample size that is beyond the scope and timeframe of 
this research.  
 
 Non-representative data: Another factor taken into account was the significant earthquakes 
that hit Christchurch disrupting normal activities. As a result data collected for the month 
following the major earthquakes has not been used as it is unlikely to be representative of 
normal transport operations. 
 
 Reliability of data: While data have been collected directly from operators it is possible that 
some errors/omissions may have occurred either in the provision of the data or in their 
transcription into the spreadsheets used for this research. While it is very difficult to check 
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the accuracy of the raw data provided due to limited access to operator’s files they were 
checked for plausibility in that the container identification and job numbers did not repeat 
and that there were no obvious errors or omissions in the data. Transcribed data has been 
randomly checked against the originals to ensure accuracy (both in terms of the numbers of 
trips and the details of said trips). A check was also performed to ensure that no journeys 
were recorded as originating from or travelling to cells that should have been empty (as no 
firms were located in these cells). Due to the volume of data, however, the possibility of an 
error occurring and going unnoticed cannot be discounted entirely. 
 
 The difficulty of accounting for return journeys: The way in which the raw data are 
formatted does pose some difficulties in accounting for return journeys. In reality a truck will 
often unload a container at one location before travelling to pick up a container from a 
second location, a journey that is not captured in this research. While this journey could be 
assumed to be from the previous destination to the next origin point this is not always the 
case as in some cases a driver will return to the yard for other reasons (such as a break), nor 
can this journey be ascertained from some of the raw data as one firms system could not 
specify individual trucks- only daily movements as a whole. As such these return journeys 
have been omitted due to the inconsistency that would occur from only capturing these 
journeys for some operators.  
 
 Multiple containers on one truck: Another difficulty experienced in interpreting the raw 
data was that it was unclear how many containers were being carried by a truck at one time. 
It is likely that many journeys involved two 20 foot containers being transported on one 
truck and as such some journeys may have been double-counted by being recorded as two 
separate movements, even though part or the entire journey was shared. Similar difficulties 
were experienced as for the issue of return journeys above in that the raw data from one 
firm did not specify individual trucks and even for the operators with more detailed systems 
it still was not clear based on the information provided. As such the assumption has been 
made that each container has resulted in a journey being made specifically for its delivery, 
even if this may not always be the case. 
 
 
6.4.2 Spreadsheet Analysis Limitations 
 
This section examines the limitations of the spreadsheet modelling process- the margin of error in 
calculating distances, the inability to record journeys beginning and ending within the same cell, 
difficulties in accounting for truck idling and also limitations in calculating the distances between 
cells. 
 
 Margins of error: Some degree of abstraction in journey lengths and origin/destination 
locations had occurred due to the grid system used and the uncertainty of the route taken. 
Using the 1km cells means that the location error is less than 0.5km at each end of the 
journey- this is hard to improve without compromising the anonymity of the data or 
increasing the complexity of the calculations required to an impractical level through the use 
of smaller cells.  
 
 Inability to include journeys within a cell: The model has an inaccuracy in that it cannot 
handle journeys that both begin and end within the same cell. This is because the start and 
the end point are both assumed to be the centre of the cell and hence the distance covered 
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is zero. Nevertheless these journeys would be expected to be less than a kilometre each and 
as such are not significant compared to the overall results. 
 
 Difficulties in accounting for truck idling: In looking only at truck travel distances it is 
difficult to account for truck idling times which can be significant (particularly when waiting 
at the port). This is captured to some extent in that the average fuel usage figures were 
based on real world results and as such would include some idling. Nevertheless, these 
figures were for an average week and it is likely that the amount of time spent idling (and 
hence fuel usage) would increase during busy periods simply due to the higher truck 
volumes using the port at these times. 
 
 Difficulties in calculating journey distances: Several difficulties were experienced as 
outlined in table 20 below. 
 
Table 20: Distance Calculation Issues and Solutions 
Issue Solution 
The road network not travelling through the 
centre of the cell 
The nearest road to the centre (based on 
straight-line distance) was used instead. 
 One-way streets and other impediments This was automatically handled by the 
software providing that each pairing was 
measured separately, e.g.- A1 to A10 may have 
been a different distance than A10 to A1 and 
as such had to be calculated individually 
 Dual carriageways resulting in the need for u-
turns and considerable detours 
When the centre point of the cell was on the 
carriageway it was adjusted to lie on the side 
of the carriageway where the majority of the 
individual firms within the cell were located 
 Satellite towns or other remote locations not 
fitting the grid system 
Satellite towns were assigned their own cells 
with distances calculated from the 
approximate centre of the town. Remote 
locations between the grid system and the 
satellite towns were measured from the firms 
front gate 
  
 
6.4.3 Broader Limitations 
 
This section examines the broader limitations of this research in terms of the real-world changes 
as a result of an inland port, the changes in land use and travel patterns as a result of the recent 
earthquakes and also the assumptions made in regards to train numbers. 
 
 Real-world changes as a result of an inland port: It is likely that were an inland port facility 
to exist that many transport operators would consider relocating to better take advantage of 
the facility. This is almost impossible to account for within the model as it involves many 
variables known only to the operators. It is also unlikely to be a short-term move as an 
operator would presumably make the decision to relocate due a combination of factors 
(such as a lack of space on the current site, land values, etc…) rather than solely due to the 
existence of an inland port. As such the creation of an inland port may not act as a reason in 
itself to move but as a consideration in where the firm would relocate were it to have 
already decided to relocate. As a result many of the potential efficiencies that could be 
gained from an inland port would not be gained for a period of many years- if at all as the 
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expense of moving may outweigh the potential gains of doing so (which may also depend 
upon the manner in which the benefits are calculated by the firm). 
 
 Changes in land use/travel patterns as a result of the recent Canterbury earthquakes: The 
recent (and at the time of writing ongoing) earthquakes and aftershocks affecting 
Christchurch and the wider Canterbury region will almost certainly have a significant impact 
on land-use and travel patterns within the region. It is not possible to account for these 
changes while the rebuilding is only in its early stages and as such the results of the model 
may in some areas be outdated as firms have closed or relocated. Nevertheless, many of the 
origins/destinations are located to the largely unaffected South-west of the city and from 
personal observation it is clear that many of the industrial sites in the Woolston area are still 
operating. What remains to be seen, however, is the likely transport effects of residents 
from the eastern and northern suburbs relocating to other areas, particularly on the south-
west freight corridor. 
 
 Assumptions in regards to train numbers: One of the difficulties in modelling the number of 
train journeys required is the two-way nature of the journeys; in essence one is relying upon 
balanced flows and near maximum utilisation in the numbers used. In reality it is likely that 
some degree of inefficiency will occur which will result in extra journeys over those that 
have been modelled, it is very difficult, however, to predict the levels of inefficiency that will 
occur as this depends on the systems put in place and level of coordination that occurs 
between supply chain members. 
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7.0 DISCUSSION 
 
7.1 Introduction 
 
This chapter provides a summary of the earlier results and makes a recommendation as to the best 
choice of action. It then discusses the broader implications for Christchurch of an inland port, 
namely the issues of providing for future growth, the need for whole supply chain solutions, 
energy supply and cost issues and the importance of resilience and redundancy. The chapter 
concludes with a brief examination of complementary ideas that could work with an inland port to 
provide increased service levels, as well as a final word. 
 
 
7.2 Results Summary 
 
This section summarises the results of the three scenarios studied and draws conclusions as to 
which scenario would be recommended for Christchurch in the future.  
 
 
7.2.1 Scenario One 
 
The baseline scenario sees no change from the status quo; containers will continue to be 
distributed almost entirely out of the Port itself with a relatively small number of empties being 
distributed from the CityDepot. This scenario is unsustainable in the long-term as capacity 
restraints will be felt as volumes increase. As such it is assumed that future port expansion will be 
focused primarily at Lyttelton itself and that bottlenecks will occur at the port gate. A summary of 
the pros and cons of this scenario are shown in the table below. 
 
Table 21: Scenario One Summary 
Pros Cons 
No new investment needed Increasing inefficiency as capacity limits are 
exceeded 
Little risk to the Port Company No reduction in port externalities 
 Does not take advantage of inland port 
benefits, e.g.- consolidation of activities 
 Not a long-term solution 
 
 
7.2.2 Scenario Two 
 
The inland port only scenario sees considerable savings in vehicles-kilometres-travelled (17%) and 
overall congestion (12.4%). However, this overall congestion reduction does come at the expense 
of increased congestion along Blenheim Road and the other South-western control points as well 
as increased disruption at level crossings due to the larger number of across town rail journeys. 
This is a serious issue as these areas are already highly congested at peak times; a situation that is 
only likely to worsen given the considerable amounts of new development occurring to the south-
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west of the city as this is an area has not only suffered minimal earthquake damage, but also has 
large numbers of undeveloped greenfields sites. As such many of the expected benefits in terms of 
travel time and fuel use may be lost as trucks remain idle in heavy traffic. 
 
Another issue with this scenario is that distributing solely out of an inland port would actually 
increase energy use and the resulting externalities, leading to a negative environmental outcome 
over the baseline. As the justification for public involvement in an inland port is the reduction of 
these externalities it becomes difficult to imagine that such a facility would receive government 
support under this scenario. While there would still be some expected benefits arising from the 
relocation or consolidation of activities these would also be accrued in the much more energy 
efficient scenario three.  
 
Table 22: Scenario Two Summary 
Pros Cons 
Reduced VKT Increased fuel and energy use 
Reduced congestion in most areas Increased CO2 emissions 
Ability to take advantage of inland port 
benefits, e.g.- consolidation of activities 
Increased congestion along Blenheim Road, 
Main South Road and at Sockburn 
Roundabout 
 Potential traffic disruption at level crossings 
due to across town rail journeys 
 Cost of building inland port facility 
 
 
7.2.3 Scenario Three 
 
Scenario three (utilising both an Islington inland port and the CityDepot in an expanded capacity) 
sees considerable savings in regards to fuel, energy use and CO2 emissions (23%) and in particular 
congestion (42 %) - especially along the routes connecting the port to the city itself. As such this 
scenario has the greatest level of environmental and social benefits with the fewest downsides of 
any of the three scenarios. Nevertheless, this scenario would still require significant buy-in from 
industry and also considerable investment in infrastructure; challenges that would need to be 
overcome were it to become a reality. 
 
Table 23: Scenario Three Summary 
Pros Cons 
Largest reduction in VKT Cost of building inland port facility 
Reduced congestion in all areas of city  
Reduced fuel and energy use  
Reduction in CO2 emissions  
Ability to take advantage of inland port 
benefits, e.g.- consolidation of activities 
 
Able to take advantage of existing 
CityDepot infrastructure 
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7.2.4 Recommendation 
 
Given the above summaries, scenario three would be the preferred scenario due to the 
considerable savings that can be achieved for relatively little downside other than the not 
insignificant issue of cost. The obstacle arising from this, however, is that the benefits of such a 
facility are enjoyed by the supply chain and community as a whole, whereas the costs are 
relatively localised. As such it may not be possible to create a viable business case for an inland 
port on a purely commercial basis due to the externalities involved. No private business would be 
likely to consider such significant investment unless they believed that they would receive a 
substantial economic return. This means that assistance from government (be it local, regional or 
central) would likely be required.  
 
Nevertheless, this research shows that the idea has merit from an energy conservation perspective 
and will also deliver environmental and social benefits. As such there is a case for public support in 
taking steps to encourage such a development, whether through the provision of supporting 
infrastructure, investment in the facility itself or through other appropriate means.  
 
 
7.3 Broader Issues 
 
These results are not the only considerations that need to be taken into account. There are other 
broader concerns including the changing situation, future growth prospects, the importance of 
achieving whole supply chain solutions, energy costs and the need for resilience and redundancy. 
  
 
7.3.1 A Changing Situation 
 
Significant change has occurred in Christchurch due to the 2010/2011 earthquakes and given that 
the rebuilding process is only just beginning it is inevitable that the situation will change further. 
This poses a real issue in terms of applying this research (and indeed any previous research) as the 
baseline has changed- firms have relocated, new processes have been implemented, new 
distribution structures have been used and ultimately much of what was Christchurch has gone or 
is still off-limits (such as the central city red zone). As a result of the current situation being in flux 
and likely sub-optimal, there is a need for future research to re-establish a baseline understanding 
of where freight is moving once the situation has returned to a greater degree of normalcy.     
 
 
7.3.2 Future Growth  
 
While one might initially think that freight volumes in Canterbury would be expected to fall given 
the disruption and emigration resulting from the earthquakes this is unlikely to be the case. Most 
export products leaving Lyttelton are not manufactured goods but the result of primary 
production that is located outside of Christchurch and as such is relatively unaffected. In essence 
Christchurch has always acted as a service town for this hinterland. While it is possible that there 
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will be a decline in consumer derived demand for imports this will be counterbalanced (at least in 
part) by the import of building materials and other goods required as part of the rebuilding 
process. Estimates by the Port Company still expect increasing growth in container volumes in the 
near future (LPC, 2011) and as such an inland port can be seen as a proactive solution to put the 
necessary infrastructure in place before the worst effects of inefficiency and under-capacity are 
realised, particularly given the expected arrival of larger ships and higher peak flows through the 
port.  
 
Given the large scale of the rebuilding effort that is needed in Christchurch it makes sense to plan 
for infrastructure such as an inland port now. It would be unfortunate to rezone land for other 
purposes or to otherwise impede any future inland port development as a result of decisions made 
in the short term. Similarly there is an opportunity to ensure that supporting infrastructure is in 
place now, as given the need to replace many sections of road and pipe due to earthquake 
damage it may be better to upgrade or widen already congested areas now- especially given the 
change in vehicle traffic patterns as a result of earthquake displacement. 
 
Another important consideration is the continued growth of the Rolleston I-zone, currently 
housing 38 companies (I-zone, 2011). Given that work is continuing on the Christchurch Southern 
motorway which will improve connections between the I-zone and Brougham Street (NZTA, 2010) 
this area is becoming increasingly attractive for logistics operators.  While an Islington inland port 
would be well situated to service this area, another possibility is that the I-zone could be 
developed into an inland port facility itself. This would have an advantage in that some 
infrastructure already exists, including several major distribution centres but would result in longer 
travel distances both to the port (via rail) and to customers in the city itself (via road) as the I-zone 
is located approximately 12km further from the city than the proposed Islington site. This would 
negate the VKT and energy savings that could be gained from an inland port and as such would not 
be advised from a social or environmental perspective, even if there may be practical and 
economic reasons for it to be considered.  
 
Related to this is the issue of port operating hours. At present the ports container facilities operate 
24 hours a day during the week and is only closed from 14:30pm Saturday to 11:00am Sunday 
(except when a vessel is working during these times)- at least for firms using the kiosk facilities 
(manual transactions aren’t available after 10:30pm-7am) (LPC, n.d). Despite this very few 
operators use these facilities outside normal business hours (given that their customers are closed 
at this time), as can be observed via the ports web cams or manual observation. This is an area 
where opportunities exist to accommodate future growth without significant capital investment, 
to do so, however, requires whole supply chain solutions as described below. 
 
 
7.3.3 Whole Supply Chain Solutions 
 
There is a need for whole supply chain solutions to be implemented, as opposed to the silo 
mentality of the current situation. The fragmented nature of the supply chain leads to 
inefficiencies, e.g. - long waits for trucks collecting containers. These inefficiencies add cost to 
those further down the supply chain and ultimately consumers. If these costs could be internalised 
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then there would be an incentive for change, as at present the port has no commercial incentive 
to reduce waiting times. This is frustrating for other supply chain members as some measures 
would seem to be relatively simple such as staggering the breaks of straddle drivers rather than 
having the entire fleet park up at once.  
 
An inland port provides a means of creating this incentive through adding value to the supply 
chain. Not only is there the potential to profit from renting warehousing and space at the inland 
port there is also the possibility that a nominal fee could be imposed in exchange for improved 
service. While this in likely to be unpopular it could potentially cost operators less than waiting 
outside the port gate for over an hour. When one considers the constraints facing transport 
operators the key factor is time. Generally their customers are not open outside normal business 
hours, nor are container parks open during the evenings or on Sundays (Auton, 2010). Time 
waiting is lost productivity and given that a certain amount of work needs to be done a firm is left 
with two choices- double handling of goods that are picked up from the port during the evening 
and stored overnight (adding expense and inefficiency) or greater capital expenditure on more 
trucks to meet demand (also costly and inefficient). An inland port provides an opportunity to 
avoid (or at least better control) these costs- something that would be of value to transport 
operators and the supply chain as a whole.  
 
 
7.3.4 Energy Supply and Cost 
 
Energy costs are expected to continue to rise over the long-term due to the issue of peak oil. This 
cost could increase quickly and significantly (see Hirsch, 2005). Given this risk, it becomes 
increasingly attractive to find means of using less energy to do the same work- even if there are 
costs from doing so. As a result an inland port will only become more viable over time due to the 
increased dollar value of the potential fuel savings. This is even more noticeable when one 
considers the emissions trading scheme as the fossil fuel sector won’t always be supported by the 
transitional arrangements currently in place until the end of 2012 (Climate Change Response Act 
2002). As such the 23% fuel saving from implementing scenario three may be enough to hold 
transport prices down compared to the significant increases that would otherwise be expected.  
 
 
7.3.5 Resilience and Redundancy 
 
The recent earthquakes have highlighted the need for resilience in transport systems. Having a 
second distribution point connected to the railway network on the opposite side of the city to the 
port provides alternative options should the port be rendered inoperable by future events- such as 
a closure of the Lyttelton tunnels or issues with the port itself. An inland port provides this point, 
allowing goods to be railed in from (or to) other South Island ports even if Lyttelton is unavailable. 
This is particularly pertinent when one considers that the nature of the just-in-time delivery model 
means that many businesses such as supermarkets may only have a few days of stock on hand 
should their distribution centre be rendered inoperative (an issue that was also highlighted by the 
earthquakes). 
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7.4 Complementary Ideas 
 
An inland port provides further opportunities for complementary projects that could leverage off 
the infrastructure and systems that would need to be put in place for an inland port to work. 
While these ideas may seem unrealistic or uneconomic at first glance, given the need to rebuild 
much of the city and the almost unique opportunity for a clean slate (particularly in the CBD) these 
ideas could be implemented as part of a world-class rebuilding, provided that sufficient support 
can be found. 
 
 
7.4.1 Multi-modal Urban Distribution Centres 
A good example of a multi-modal urban distribution centre is that of Monoprix supermarket in 
Paris (run through their subsidiary Samada). This system is used to transport non-perishable or 
long shelf-life goods from two warehouses located approximately 40km outside of Paris to their 
city stores using rail. Five nights per week a train with an average of 750 pallets arrives at Bercy, 
from where goods are distributed using a fleet of natural gas trucks. This project is estimated to 
halve their greenhouse gas emissions and eliminate 700,000km of truck movements per year 
(Issenmann et al., 2010). A similar project can also be found in Berlin supplying the Karstadt GmbH 
department store chain (Alessandrini et al., 2012). 
While Christchurch is unable to gain the economies of scale enjoyed in these examples such a 
system could be used to complement a Christchurch inland port by servicing the CBD. This is an 
area where relatively few container trucks travel as most freight in this area is delivered by the 
pallet or on a carton by carton basis (also known as less than container load or LCL freight). It 
would be possible for an Islington inland port to act as a distribution point for this LCL freight into 
the rebuilt CBD- most likely by expanding the proposed light rail link along Riccarton Road (though 
the construction of a spur line from the existing rail corridor is also a possible means of doing so).  
 
7.4.2 Cargo Trams 
Since 2001 the CargoTram has operated in Dresden providing just-in-time delivery to Volkswagen’s 
central city factory via tram service. Each trip removes the need for three truck journeys and has 
the advantage of requiring no new infrastructure- existing passenger tram lines are used 
(Alessandrini et al., 2012). While this is partly a public relations move this does show the potential 
to better use “slack time” in rail scheduling through this sort of small scale project. In Zurich a 
similar system is used to collect large household and electronic waste using the tram network, 
collecting nearly 800t of garbage in 2004 (Neuhold, 2005).  
This approach would not be suitable as a replacement to the inland port described in this research 
but could act in an ancillary fashion, perhaps as an adjunct to a multi-modal urban distribution 
centre as described above as the Christchurch tram network is not used of an evening (assuming it 
is rebuilt). 
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7.5 Final Word 
This research shows that there are benefits to an inland port for Christchurch, especially in terms of 
social and environmental concerns. Ultimately, however, whether such a project occurs will come 
down to money. Given the uncertainty and the large number of other issues that potential key 
players are currently dealing with it is unlikely that such a development will occur unless it is pushed 
by central government (likely through the auspices of CERA (the Canterbury Earthquake Recovery 
Authority)). With the government’s well publicised (and increasingly unlikely looking) commitment 
to returning a surplus in the near future it is unlikely that this funding would come. Nevertheless, the 
idea has merit for the future and a case could be made to protect the land and infrastructure that 
would be used through the use of a designation. 
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Appendix 2: Location of Major Players in the Christchurch Container Freight Industry 
 
 
Key- 
1- Charters 
2- CTS 
3- Draytons Cartage 
4- Hilton Haulage 
5- Linfox Logistics 
6- Mackley Carriers 
7- Mainfreight 
Transport 
8- NZ Express Ltd 
9- TNL Freighting 
10- Top Tranz 
11- Toll Tranzlink 
12- Summerlands 
13- WA Brown 
14- Northern Southland 
15- NZL 
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Appendix 3: Questionnaire Example 
 
For the below tables please indicate the number of containers you would expect to move from/to 
the Port of Lyttelton in both an average and a busy week. This research is looking at regular 
movements and as a result very casual or one-off movements need not be included. 
 
Container Movements to the Port of Lyttelton 
 
Trip Origin Number of Containers Number of Reefer 
Containers 
Average 
Week 
Busy 
Week 
Average 
Week 
Busy 
Week 
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Container Movements from the Port of Lyttelton 
 
Trip Destination Number of Containers Number of Reefer 
Containers 
Average 
Week 
Busy 
Week 
Average 
Week 
Busy 
Week 
 
 
    
 
 
    
 
 
    
 
 
    
 
 
    
 
 
    
 
 
We appreciate that some of this information could be considered to be commercially sensitive and 
as a result all data collected in this survey will be treated with the utmost confidence. Individual 
companies will not be identified nor will any specific origin points or destinations. This will be 
achieved by dividing the Greater Christchurch area into a series of grid squares; as a result in the 
final report any data will only be presented in an aggregated and anonymous manner.  
 
Please place any completed surveys in the return envelope provided. Your assistance in this research 
is greatly appreciated. 
 
92 
Appendix 4: Grid Map Example
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Appendix 5: Main Areas of Origin/Destination Grouping 
 
Key 
A- Hornby/Islington/Halswell 
B- Blenheim Road 
C- Moorhouse Avenue 
D- Woolston/Hillsborough 
E- Dyers Road 
F- Christchurch Airport 
 
A 
B C 
D 
E 
F 
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Appendix 6: Container Breakdown (Baseline) 
  Average Week Busy Week 
  20 40 Total 20 40 Total 
Firm  
1 225 225 450 380 316 696 
2* 149 136 285 197 178 375 
3 59 34 93 75 94 169 
 Total 433 395 828 652 588 1240 
 TEU 433 790 1223 652 1176 1828 
        
 *Note that the data for firm 2 did not distinguish between 20 and 40 
foot containers. As such the % breakdown is assumed to be the 
average of the other two firms. 
 
 
 
Appendix 7: Container Breakdown (Baseline- Port Only) 
  Average Week Busy Week 
  20 40 Total 20 40 Total 
Firm  
1 128 104 232 225 147 372 
2* 68 54 122 99 76 175 
3 28 19 47 39 57 96 
 Total 224 177 401 363 280 643 
 TEU 224 354 578 363 560 923 
        
 *Note that the data for firm 2 did not distinguish between 20 and 40 
foot containers. As such the % breakdown is assumed to be the 
average of the other two firms. 
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Appendix 8: Average Week Workbook Example (S20/Port Origin) 
        Firm One 
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers # Containers 
S20 F6 22.2           1     1 
S20 F7 21.3           1     1 
S20 G11 16.9                 0 
S20 I18 12.6           1     1 
S20 K4 21.2                 0 
S20 K5 20.2     2           2 
S20 K10 15.3           1     1 
S20 K12 13.2           1     1 
S20 K18 9.8   2   1   3     6 
S20 L3 21.9     1     3   1 5 
S20 L4 20.8   1             1 
S20 L5 20.5                 0 
S20 L6 18.8   6 13   2 4     25 
S20 L7 17.5   4 1     3     8 
S20 L8 16.4     1           1 
S20 L9 15.5           1     1 
S20 L10 15.3           1     1 
S20 L12 12.5                 0 
S20 L13 11.3   1       1     2 
S20 L14 10.3           1     1 
S20 M3 22.4   3 2     1   7 13 
S20 M4 21.4                 0 
S20 M7 17.7   1             1 
S20 M8 17.6     1           1 
S20 M15 9                 0 
S20 M16 8.4                 0 
S20 N3 23.1   1 1     7   5 14 
S20 N4 22.1       3   2   1 6 
S20 N16 7.4                 0 
S20 N17 7   9 5 6   5     25 
S20 O4 22.6                 0 
S20 O17 6.2         1 2     3 
S20 Kaiapoi 30.4                 0 
S20 Rolleston 33.5                 0 
                        
 
96 
 
        Firm Two 
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers # Containers 
S20 F6 22.2       1 1       2 
S20 F7 21.3                 0 
S20 G11 16.9                 0 
S20 I18 12.6                 0 
S20 K4 21.2   1             1 
S20 K5 20.2                 0 
S20 K10 15.3                 0 
S20 K12 13.2                 0 
S20 K18 9.8                 0 
S20 L3 21.9                 0 
S20 L4 20.8     1     1     2 
S20 L5 20.5         2       2 
S20 L6 18.8                 0 
S20 L7 17.5       6         6 
S20 L8 16.4   2             2 
S20 L9 15.5     1           1 
S20 L10 15.3           1     1 
S20 L12 12.5   1             1 
S20 L13 11.3       1         1 
S20 L14 10.3                 0 
S20 M3 22.4                 0 
S20 M4 21.4       2   3     5 
S20 M7 17.7                 0 
S20 M8 17.6     1 1   3     5 
S20 M15 9       4 4 7     15 
S20 M16 8.4       1         1 
S20 N3 23.1     1 1         2 
S20 N4 22.1                 0 
S20 N16 7.4   1 3   1       5 
S20 N17 7           1     1 
S20 O4 22.6   1             1 
S20 O17 6.2   14 7 1         22 
S20 Kaiapoi 30.4           2     2 
S20 Rolleston 33.5                 0 
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        Firm Three 
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers # Containers 
S20 F6 22.2                 0 
S20 F7 21.3                 0 
S20 G11 16.9         4       4 
S20 I18 12.6                 0 
S20 K4 21.2                 0 
S20 K5 20.2       1         1 
S20 K10 15.3                 0 
S20 K12 13.2                 0 
S20 K18 9.8                 0 
S20 L3 21.9                 0 
S20 L4 20.8                 0 
S20 L5 20.5   2             2 
S20 L6 18.8                 0 
S20 L7 17.5                 0 
S20 L8 16.4                 0 
S20 L9 15.5   1     1       2 
S20 L10 15.3                 0 
S20 L12 12.5                 0 
S20 L13 11.3                 0 
S20 L14 10.3                 0 
S20 M3 22.4   3 1 6 5 1     16 
S20 M4 21.4                 0 
S20 M7 17.7                 0 
S20 M8 17.6                 0 
S20 M15 9                 0 
S20 M16 8.4                 0 
S20 N3 23.1                 0 
S20 N4 22.1                 0 
S20 N16 7.4                 0 
S20 N17 7                 0 
S20 O4 22.6                 0 
S20 O17 6.2                 0 
S20 Kaiapoi 30.4                 0 
S20 Rolleston 33.5       2         2 
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        Total   
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total Distance Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers # Containers km 
S20 F6 22.2   0 0 1 1 1 0 0 3 66.6 
S20 F7 21.3   0 0 0 0 1 0 0 1 21.3 
S20 G11 16.9   0 0 0 4 0 0 0 4 67.6 
S20 I18 12.6   0 0 0 0 1 0 0 1 12.6 
S20 K4 21.2   1 0 0 0 0 0 0 1 21.2 
S20 K5 20.2   0 2 1 0 0 0 0 3 60.6 
S20 K10 15.3   0 0 0 0 1 0 0 1 15.3 
S20 K12 13.2   0 0 0 0 1 0 0 1 13.2 
S20 K18 9.8   2 0 1 0 3 0 0 6 58.8 
S20 L3 21.9   0 1 0 0 3 0 1 5 109.5 
S20 L4 20.8   1 1 0 0 1 0 0 3 62.4 
S20 L5 20.5   2 0 0 2 0 0 0 4 82 
S20 L6 18.8   6 13 0 2 4 0 0 25 470 
S20 L7 17.5   4 1 6 0 3 0 0 14 245 
S20 L8 16.4   2 1 0 0 0 0 0 3 49.2 
S20 L9 15.5   1 1 0 1 1 0 0 4 62 
S20 L10 15.3   0 0 0 0 2 0 0 2 30.6 
S20 L12 12.5   1 0 0 0 0 0 0 1 12.5 
S20 L13 11.3   1 0 1 0 1 0 0 3 33.9 
S20 L14 10.3   0 0 0 0 1 0 0 1 10.3 
S20 M3 22.4   6 3 6 5 2 0 7 29 649.6 
S20 M4 21.4   0 0 2 0 3 0 0 5 107 
S20 M7 17.7   1 0 0 0 0 0 0 1 17.7 
S20 M8 17.6   0 2 1 0 3 0 0 6 105.6 
S20 M15 9   0 0 4 4 7 0 0 15 135 
S20 M16 8.4   0 0 1 0 0 0 0 1 8.4 
S20 N3 23.1   1 2 1 0 7 0 5 16 369.6 
S20 N4 22.1   0 0 3 0 2 0 1 6 132.6 
S20 N16 7.4   1 3 0 1 0 0 0 5 37 
S20 N17 7   9 5 6 0 6 0 0 26 182 
S20 O4 22.6   1 0 0 0 0 0 0 1 22.6 
S20 O17 6.2   14 7 1 1 2 0 0 25 155 
S20 Kaiapoi 30.4   0 0 0 0 2 0 0 2 60.8 
S20 Rolleston 33.5   0 0 2 0 0 0 0 2 67 
                    Origin Total 226 3554.5 
99 
Appendix 9: Busy Week Workbook Example (S20/Port Origin) 
        Firm One 
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers # Containers 
S20 C9 23.3                 0 
S20 F6 22.2           4     4 
S20 F7 21.3         1 1     2 
S20 F11 18.3                 0 
S20 G11 16.9                 0 
S20 I18 12.6       1         1 
S20 K4 21.2                 0 
S20 K5 20.2   1             1 
S20 K8 17   1             1 
S20 K11 14.6       1         1 
S20 K12 13.2                 0 
S20 K13 12.9                 0 
S20 K14 11.5   1             1 
S20 K18 9.8   9 15 12 10 8     54 
S20 L3 21.9   3 1   1 1     6 
S20 L4 20.8   3             3 
S20 L5 20.5                 0 
S20 L6 18.8   4 8 3 7 1     23 
S20 L7 17.5   3   5 1 3     12 
S20 L8 16.4   2 2 1 2       7 
S20 L9 15.5     2   3 1     6 
S20 L10 15.3     1           1 
S20 L12 12.6         1       1 
S20 L13 11.3     1 1         2 
S20 L14 10.3         3       3 
S20 L18 8.7                 0 
S20 M3 22.4   2 3 3 2 2     12 
S20 M4 21.4   1             1 
S20 M8 17.6   1             1 
S20 M15 9.1                 0 
S20 M16 8.4                 0 
S20 M18 8         1       1 
S20 N3 23.1   4 5 3 12       24 
S20 N4 22.1     3 5 1 3     12 
S20 N16 7.4       4 2       6 
S20 N17 7   3 7 7 6 7     30 
S20 N18 6.2                 0 
S20 N19 6                 0 
S20 O4 22.7       1   1     2 
S20 O17 6.2   2 4 4 2 2     14 
S20 O18 5.3   1             1 
S20 Rangiora 39.5                 0 
S20 Kaiapoi 29   1             1 
S20 Rolleston 33.5                 0 
S20 Lincoln 28.8     1           1 
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        Firm Two 
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers # Containers 
S20 C9 23.3                 0 
S20 F6 22.2     2   3       5 
S20 F7 21.3                 0 
S20 F11 18.3     1           1 
S20 G11 16.9                 0 
S20 I18 12.6                 0 
S20 K4 21.2         1       1 
S20 K5 20.2     1           1 
S20 K8 17                 0 
S20 K11 14.6                 0 
S20 K12 13.2                 0 
S20 K13 12.9                 0 
S20 K14 11.5                 0 
S20 K18 9.8                 0 
S20 L3 21.9                 0 
S20 L4 20.8     1     1     2 
S20 L5 20.5     1   3 3     7 
S20 L6 18.8                 0 
S20 L7 17.5                 0 
S20 L8 16.4       1         1 
S20 L9 15.5       1         1 
S20 L10 15.3                 0 
S20 L12 12.6                 0 
S20 L13 11.3         1       1 
S20 L14 10.3                 0 
S20 L18 8.7         2       2 
S20 M3 22.4                 0 
S20 M4 21.4         4       4 
S20 M8 17.6       3 6 7     16 
S20 M15 9.1     5           5 
S20 M16 8.4         1 2     3 
S20 M18 8                 0 
S20 N3 23.1       2         2 
S20 N4 22.1           1     1 
S20 N16 7.4       1 1 1     3 
S20 N17 7         1       1 
S20 N18 6.2                 0 
S20 N19 6           1     1 
S20 O4 22.7                 0 
S20 O17 6.2       32 1 14     47 
S20 O18 5.3                 0 
S20 Rangiora 39.5           1     1 
S20 Kaiapoi 29                 0 
S20 Rolleston 33.5                 0 
S20 Lincoln 28.8                 0 
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        Firm Three 
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers # Containers 
S20 C9 23.3   1             1 
S20 F6 22.2   1             1 
S20 F7 21.3                 0 
S20 F11 18.3                 0 
S20 G11 16.9     4 1 5       10 
S20 I18 12.6                 0 
S20 K4 21.2                 0 
S20 K5 20.2         1       1 
S20 K8 17   1             1 
S20 K11 14.6                 0 
S20 K12 13.2     1           1 
S20 K13 12.9   1             1 
S20 K14 11.5                 0 
S20 K18 9.8       2         2 
S20 L3 21.9   7 5           12 
S20 L4 20.8   2             2 
S20 L5 20.5   2             2 
S20 L6 18.8                 0 
S20 L7 17.5                 0 
S20 L8 16.4                 0 
S20 L9 15.5     1 2         3 
S20 L10 15.3   2             2 
S20 L12 12.6                 0 
S20 L13 11.3                 0 
S20 L14 10.3                 0 
S20 L18 8.7                 0 
S20 M3 22.4   3 6   5 3     17 
S20 M4 21.4                 0 
S20 M8 17.6                 0 
S20 M15 9.1                 0 
S20 M16 8.4                 0 
S20 M18 8   1   1         2 
S20 N3 23.1                 0 
S20 N4 22.1     1           1 
S20 N16 7.4           1     1 
S20 N17 7                 0 
S20 N18 6.2           1     1 
S20 N19 6                 0 
S20 O4 22.7                 0 
S20 O17 6.2         1       1 
S20 O18 5.3                 0 
S20 Rangiora 39.5         1       1 
S20 Kaiapoi 29                 0 
S20 Rolleston 33.5       2         2 
S20 Lincoln 28.8                 0 
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        Total   
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total Distance Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers # Containers km 
S20 C9 23.3   1 0 0 0 0 0 0 1 23.3 
S20 F6 22.2   1 2 0 3 4 0 0 10 222 
S20 F7 21.3   0 0 0 1 1 0 0 2 42.6 
S20 F11 18.3   0 1 0 0 0 0 0 1 18.3 
S20 G11 16.9   0 4 1 5 0 0 0 10 169 
S20 I18 12.6   0 0 1 0 0 0 0 1 12.6 
S20 K4 21.2   0 0 0 1 0 0 0 1 21.2 
S20 K5 20.2   1 1 0 1 0 0 0 3 60.6 
S20 K8 17   2 0 0 0 0 0 0 2 34 
S20 K11 14.6   0 0 1 0 0 0 0 1 14.6 
S20 K12 13.2   0 1 0 0 0 0 0 1 13.2 
S20 K13 12.9   1 0 0 0 0 0 0 1 12.9 
S20 K14 11.5   1 0 0 0 0 0 0 1 11.5 
S20 K18 9.8   9 15 14 10 8 0 0 56 548.8 
S20 L3 21.9   10 6 0 1 1 0 0 18 394.2 
S20 L4 20.8   5 1 0 0 1 0 0 7 145.6 
S20 L5 20.5   2 1 0 3 3 0 0 9 184.5 
S20 L6 18.8   4 8 3 7 1 0 0 23 432.4 
S20 L7 17.5   3 0 5 1 3 0 0 12 210 
S20 L8 16.4   2 2 2 2 0 0 0 8 131.2 
S20 L9 15.5   0 3 3 3 1 0 0 10 155 
S20 L10 15.3   2 1 0 0 0 0 0 3 45.9 
S20 L12 12.6   0 0 0 1 0 0 0 1 12.6 
S20 L13 11.3   0 1 1 1 0 0 0 3 33.9 
S20 L14 10.3   0 0 0 3 0 0 0 3 30.9 
S20 L18 8.7   0 0 0 2 0 0 0 2 17.4 
S20 M3 22.4   5 9 3 7 5 0 0 29 649.6 
S20 M4 21.4   1 0 0 4 0 0 0 5 107 
S20 M8 17.6   1 0 3 6 7 0 0 17 299.2 
S20 M15 9.1   0 5 0 0 0 0 0 5 45.5 
S20 M16 8.4   0 0 0 1 2 0 0 3 25.2 
S20 M18 8   1 0 1 1 0 0 0 3 24 
S20 N3 23.1   4 5 5 12 0 0 0 26 600.6 
S20 N4 22.1   0 4 5 1 4 0 0 14 309.4 
S20 N16 7.4   0 0 5 3 2 0 0 10 74 
S20 N17 7   3 7 7 7 7 0 0 31 217 
S20 N18 6.2   0 0 0 0 1 0 0 1 6.2 
S20 N19 6   0 0 0 0 1 0 0 1 6 
S20 O4 22.7   0 0 1 0 1 0 0 2 45.4 
S20 O17 6.2   2 4 36 4 16 0 0 62 384.4 
S20 O18 5.3   1 0 0 0 0 0 0 1 5.3 
S20 Rangiora 39.5   0 0 0 1 1 0 0 2 79 
S20 Kaiapoi 29   1 0 0 0 0 0 0 1 29 
S20 Rolleston 33.5   0 0 2 0 0 0 0 2 67 
S20 Lincoln 28.8   0 1 0 0 0 0 0 1 28.8 
                    Origin Total 406 6000.8 
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Appendix 10: Average Week Workbook Example (S20/Port Destination) 
        Firm One   
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers #Containers 
A13 S20 22.8                 0 
C9 S20 23.3     3     3     6 
D11 S20 21           1     1 
G11 S20 16.9                 0 
I18 S20 12.5   1   1   1     3 
K5 S20 20.2   2 4 3         9 
K15 S20 11           1     1 
K18 S20 9.7   2             2 
L5 S20 19.7                 0 
L6 S20 18.7   1 2     4     7 
L7 S20 17.8                 0 
L8 S20 16.5           1     1 
L9 S20 15.6                 0 
L10 S20 15.2                 0 
L13 S20 11.4           1     1 
M3 S20 22       1   2     3 
M4 S20 21.5                 0 
M16 S20 8.8   1 1 1   1     4 
N4 S20 22.2   2 1           3 
N17 S20 6.6   8 10 17 15 10     60 
O17 S20 6.2   1   7         8 
DickeysRd S20 24.3       1   1     2 
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        Firm Two   
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers #Containers 
A13 S20 22.8                 0 
C9 S20 23.3                 0 
D11 S20 21                 0 
G11 S20 16.9                 0 
I18 S20 12.5                 0 
K5 S20 20.2       1         1 
K15 S20 11                 0 
K18 S20 9.7                 0 
L5 S20 19.7         3       3 
L6 S20 18.7                 0 
L7 S20 17.8         1       1 
L8 S20 16.5                 0 
L9 S20 15.6         1       1 
L10 S20 15.2                 0 
L13 S20 11.4                 0 
M3 S20 22                 0 
M4 S20 21.5       2         2 
M16 S20 8.8                 0 
N4 S20 22.2     7   11 16     34 
N17 S20 6.6                 0 
O17 S20 6.2   2             2 
DickeysRd S20 24.3                 0 
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        Firm Three   
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers #Containers 
A13 S20 22.8     2 1 4 4     11 
C9 S20 23.3                 0 
D11 S20 21                 0 
G11 S20 16.9     1     1     2 
I18 S20 12.5                 0 
K5 S20 20.2                 0 
K15 S20 11                 0 
K18 S20 9.7                 0 
L5 S20 19.7                 0 
L6 S20 18.7                 0 
L7 S20 17.8                 0 
L8 S20 16.5                 0 
L9 S20 15.6                 0 
L10 S20 15.2   2 1   1 3     7 
L13 S20 11.4                 0 
M3 S20 22                 0 
M4 S20 21.5                 0 
M16 S20 8.8                 0 
N4 S20 22.2                 0 
N17 S20 6.6                 0 
O17 S20 6.2                 0 
DickeysRd S20 24.3                 0 
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        Total   
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total Distance Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers # Containers km 
A13 S20 22.8   0 2 1 4 4 0 0 11 250.8 
C9 S20 23.3   0 3 0 0 3 0 0 6 139.8 
D11 S20 21   0 0 0 0 1 0 0 1 21 
G11 S20 16.9   0 1 0 0 1 0 0 2 33.8 
I18 S20 12.5   1 0 1 0 1 0 0 3 37.5 
K5 S20 20.2   2 4 4 0 0 0 0 10 202 
K15 S20 11   0 0 0 0 1 0 0 1 11 
K18 S20 9.7   2 0 0 0 0 0 0 2 19.4 
L5 S20 19.7   0 0 0 3 0 0 0 3 59.1 
L6 S20 18.7   1 2 0 0 4 0 0 7 130.9 
L7 S20 17.8   0 0 0 1 0 0 0 1 17.8 
L8 S20 16.5   0 0 0 0 1 0 0 1 16.5 
L9 S20 15.6   0 0 0 1 0 0 0 1 15.6 
L10 S20 15.2   2 1 0 1 3 0 0 7 106.4 
L13 S20 11.4   0 0 0 0 1 0 0 1 11.4 
M3 S20 22   0 0 1 0 2 0 0 3 66 
M4 S20 21.5   0 0 2 0 0 0 0 2 43 
M16 S20 8.8   1 1 1 0 1 0 0 4 35.2 
N4 S20 22.2   2 8 0 11 16 0 0 37 821.4 
N17 S20 6.6   8 10 17 15 10 0 0 60 396 
O17 S20 6.2   3 0 7 0 0 0 0 10 62 
DickeysRd S20 24.3   0 0 1 0 1 0 0 2 48.6 
                  Destination 175 2545.2 
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Appendix 11: Busy Week Workbook Example (S20/Port Destination) 
        Firm One   
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers # Containers 
A13 S20 22.8                 0 
C9 S20 23.3     1 3   4     8 
D5 S20 24.7                 0 
D11 S20 21           1     1 
F6 S20 22.2                 0 
G6 S20 21.4   1       1     2 
G11 S20 16.9                 0 
I18 S20 12.5           1     1 
J17 S20 11.1                 0 
K5 S20 20.2     3 5 2 4     14 
K15 S20 11     1 1         2 
K18 S20 9.7     16 8 2       26 
L3 S20 22.1                 0 
L4 S20 21           1     1 
L5 S20 19.7                 0 
L6 S20 18.7   2 2 4   2     10 
L7 S20 17.8                 0 
L8 S20 16.5           4     4 
L9 S20 15.6                 0 
L10 S20 15.2       1         1 
L12 S20 12.6         1       1 
L13 S20 11.4       1   1     2 
L15 S20 9.8           1     1 
L18 S20 8.6                 0 
M3 S20 22   1 1 1         3 
M4 S20 21.5           1     1 
M16 S20 8.8         1 2     3 
N4 S20 22.2                 0 
N17 S20 6.6   4 8 7 11 5     35 
O17 S20 6.2   1   2 9 2     14 
Rolleston S20 33.7                 0 
Lincoln S20 29     2           2 
DickeysRd S20 24.3   1 1     3     5 
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        Firm Two   
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers # Containers 
A13 S20 22.8                 0 
C9 S20 23.3                 0 
D5 S20 24.7                 0 
D11 S20 21                 0 
F6 S20 22.2           1     1 
G6 S20 21.4                 0 
G11 S20 16.9                 0 
I18 S20 12.5                 0 
J17 S20 11.1                 0 
K5 S20 20.2                 0 
K15 S20 11                 0 
K18 S20 9.7                 0 
L3 S20 22.1                 0 
L4 S20 21                 0 
L5 S20 19.7     1   1 1     3 
L6 S20 18.7                 0 
L7 S20 17.8           3     3 
L8 S20 16.5                 0 
L9 S20 15.6       1         1 
L10 S20 15.2     3           3 
L12 S20 12.6                 0 
L13 S20 11.4                 0 
L15 S20 9.8                 0 
L18 S20 8.6     5 2         7 
M3 S20 22                 0 
M4 S20 21.5     1 1         2 
M16 S20 8.8                 0 
N4 S20 22.2         22 26     48 
N17 S20 6.6                 0 
O17 S20 6.2                 0 
Rolleston S20 33.7       1         1 
Lincoln S20 29                 0 
DickeysRd S20 24.3                 0 
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        Firm Three 
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total 
Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers # Containers 
A13 S20 22.8     1     2     3 
C9 S20 23.3                 0 
D5 S20 24.7         1       1 
D11 S20 21                 0 
F6 S20 22.2                 0 
G6 S20 21.4                 0 
G11 S20 16.9     1     2     3 
I18 S20 12.5                 0 
J17 S20 11.1   1             0 
K5 S20 20.2                 0 
K15 S20 11                 0 
K18 S20 9.7         3 3     6 
L3 S20 22.1     4 8         12 
L4 S20 21                 0 
L5 S20 19.7                 0 
L6 S20 18.7                 0 
L7 S20 17.8                 0 
L8 S20 16.5                 0 
L9 S20 15.6                 0 
L10 S20 15.2     1 1   3     5 
L12 S20 12.6                 0 
L13 S20 11.4                 0 
L15 S20 9.8                 0 
L18 S20 8.6                 0 
M3 S20 22                 0 
M4 S20 21.5                 0 
M16 S20 8.8                 0 
N4 S20 22.2     1           1 
N17 S20 6.6                 0 
O17 S20 6.2                 0 
Rolleston S20 33.7                 0 
Lincoln S20 29                 0 
DickeysRd S20 24.3                 0 
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        Total   
        Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly Total Distance 
Total Origin Destination Distance (km)   # Containers # Containers # Containers # Containers # Containers # Containers # Containers # Containers km 
A13 S20 22.8   0 1 0 0 2 0 0 3 68.4 
C9 S20 23.3   0 1 3 0 4 0 0 8 186.4 
D5 S20 24.7   0 0 0 1 0 0 0 1 24.7 
D11 S20 21   0 0 0 0 1 0 0 1 21 
F6 S20 22.2   0 0 0 0 1 0 0 1 22.2 
G6 S20 21.4   1 0 0 0 1 0 0 2 42.8 
G11 S20 16.9   0 0 0 0 2 0 0 2 33.8 
I18 S20 12.5   0 0 0 0 1 0 0 1 12.5 
J17 S20 11.1   1 0 0 0 0 0 0 1 11.1 
K5 S20 20.2   0 3 5 2 4 0 0 14 282.8 
K15 S20 11   0 1 1 0 0 0 0 2 22 
K18 S20 9.7   0 16 8 5 3 0 0 32 310.4 
L3 S20 22.1   0 4 8 0 0 0 0 12 265.2 
L4 S20 21   0 0 0 0 1 0 0 1 21 
L5 S20 19.7   0 1 0 1 1 0 0 3 59.1 
L6 S20 18.7   2 2 4 0 2 0 0 10 187 
L7 S20 17.8   0 0 0 0 3 0 0 3 53.4 
L8 S20 16.5   0 0 0 0 4 0 0 4 66 
L9 S20 15.6   0 0 1 0 0 0 0 1 15.6 
L10 S20 15.2   0 4 2 0 3 0 0 9 136.8 
L12 S20 12.6   0 0 0 1 0 0 0 1 12.6 
L13 S20 11.4   0 0 1 0 1 0 0 2 22.8 
L15 S20 9.8   0 0 0 0 1 0 0 1 9.8 
L18 S20 8.6   0 5 2 0 0 0 0 7 60.2 
M3 S20 22   1 1 1 0 0 0 0 3 66 
M4 S20 21.5   0 1 1 0 1 0 0 3 64.5 
M16 S20 8.8   0 0 0 1 2 0 0 3 26.4 
N4 S20 22.2   0 1 0 22 26 0 0 49 1087.8 
N17 S20 6.6   4 8 7 11 5 0 0 35 231 
O17 S20 6.2   1 0 2 9 2 0 0 14 86.8 
Rolleston S20 33.7   0 0 1 0 0 0 0 1 33.7 
Lincoln S20 29   0 2 0 0 0 0 0 2 58 
DickeysRd S20 24.3   1 1 0 0 3 0 0 5 121.5 
                  Destination Total 237 3723.3 
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Appendix 12: Destinations Closer to Proposed Inland Port (Cell L2) 
 
C9 D5 D11 F6 F7 K4 K5 K8 
K10 L3 L4 L5 L6 L7 L8 L9 
L10 M3 M4 M7 M8 N3 N4 O4 
Rolleston Lincoln       
 
 
Appendix 13: Destinations Closer to CityDepot (Cell O17) 
 
A13 G11 I18 J18 K12 K18 L12 L13 
L14 M15 M16 N16 N17 Kaiapoi Rangiora Dickeys 
Road 
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Appendix 14: Trip Numbers and Distances by Origin Cell 
 Scenario One  Scenario Two  Scenario Three 
Origin Average Week Busy Week  Average Week Busy Week  Average Week Busy Week 
Cell Trips km Trips km  Trips km Trips km  Trips km Trips km 
A1 0 0 0 0  0 0 0 0  0 0 0 0 
A2 0 0 0 0  0 0 0 0  0 0 0 0 
A3 0 0 0 0  0 0 0 0  0 0 0 0 
A4 0 0 0 0  0 0 0 0  0 0 0 0 
A5 0 0 0 0  0 0 0 0  0 0 0 0 
A6 0 0 0 0  0 0 0 0  0 0 0 0 
A7 0 0 0 0  0 0 0 0  0 0 0 0 
A8 0 0 0 0  0 0 0 0  0 0 0 0 
A9 0 0 0 0  0 0 0 0  0 0 0 0 
A10 0 0 0 0  0 0 0 0  0 0 0 0 
A11 0 0 0 0  0 0 0 0  0 0 0 0 
A12 0 0 0 0  0 0 0 0  0 0 0 0 
A13 11 250.8 4 87.2  11 196.9 4 72.5  11 192.5 4 75.2 
A14 0 0 0 0  0 0 0 0  0 0 0 0 
A15 0 0 0 0  0 0 0 0  0 0 0 0 
A16 0 0 0 0  0 0 0 0  0 0 0 0 
A17 0 0 0 0  0 0 0 0  0 0 0 0 
A18 0 0 0 0  0 0 0 0  0 0 0 0 
A19 0 0 0 0  0 0 0 0  0 0 0 0 
A20 0 0 0 0  0 0 0 0  0 0 0 0 
A21 0 0 0 0  0 0 0 0  0 0 0 0 
A22 0 0 0 0  0 0 0 0  0 0 0 0 
B1 0 0 0 0  0 0 0 0  0 0 0 0 
B2 0 0 0 0  0 0 0 0  0 0 0 0 
B3 0 0 0 0  0 0 0 0  0 0 0 0 
B4 0 0 0 0  0 0 0 0  0 0 0 0 
B5 0 0 0 0  0 0 0 0  0 0 0 0 
B6 0 0 0 0  0 0 0 0  0 0 0 0 
B7 0 0 0 0  0 0 0 0  0 0 0 0 
B8 0 0 0 0  0 0 0 0  0 0 0 0 
B9 0 0 0 0  0 0 0 0  0 0 0 0 
B10 0 0 0 0  0 0 0 0  0 0 0 0 
B11 0 0 0 0  0 0 0 0  0 0 0 0 
B12 0 0 0 0  0 0 0 0  0 0 0 0 
B13 0 0 0 0  0 0 0 0  0 0 0 0 
B14 0 0 0 0  0 0 0 0  0 0 0 0 
B15 0 0 0 0  0 0 0 0  0 0 0 0 
B16 0 0 0 0  0 0 0 0  0 0 0 0 
B17 0 0 0 0  0 0 0 0  0 0 0 0 
B18 0 0 0 0  0 0 0 0  0 0 0 0 
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B19 0 0 0 0  0 0 0 0  0 0 0 0 
B20 0 0 0 0  0 0 0 0  0 0 0 0 
B21 0 0 0 0  0 0 0 0  0 0 0 0 
B22 0 0 0 0  0 0 0 0  0 0 0 0 
C1 0 0 0 0  0 0 0 0  0 0 0 0 
C2 0 0 0 0  0 0 0 0  0 0 0 0 
C3 0 0 0 0  0 0 0 0  0 0 0 0 
C4 0 0 0 0  0 0 0 0  0 0 0 0 
C5 0 0 0 0  0 0 0 0  0 0 0 0 
C6 0 0 0 0  0 0 0 0  0 0 0 0 
C7 0 0 0 0  0 0 0 0  0 0 0 0 
C8 0 0 0 0  0 0 0 0  0 0 0 0 
C9 6 139.8 9 203.8  6 76.8 9 119.8  6 77.4 9 119.8 
C10 0 0 0 0  0 0 0 0  0 0 0 0 
C11 0 0 0 0  0 0 0 0  0 0 0 0 
C12 0 0 0 0  0 0 0 0  0 0 0 0 
C13 0 0 0 0  0 0 0 0  0 0 0 0 
C14 0 0 0 0  0 0 0 0  0 0 0 0 
C15 0 0 0 0  0 0 0 0  0 0 0 0 
C16 0 0 0 0  0 0 0 0  0 0 0 0 
C17 0 0 0 0  0 0 0 0  0 0 0 0 
C18 0 0 0 0  0 0 0 0  0 0 0 0 
C19 0 0 0 0  0 0 0 0  0 0 0 0 
C20 0 0 0 0  0 0 0 0  0 0 0 0 
C21 0 0 0 0  0 0 0 0  0 0 0 0 
C22 0 0 0 0  0 0 0 0  0 0 0 0 
D1 0 0 0 0  0 0 0 0  0 0 0 0 
D2 0 0 0 0  0 0 0 0  0 0 0 0 
D3 0 0 0 0  0 0 0 0  0 0 0 0 
D4 0 0 0 0  0 0 0 0  0 0 0 0 
D5 0 0 1 24.7  0 0 1 11.1  0 0 1 11.1 
D6 0 0 0 0  0 0 0 0  0 0 0 0 
D7 0 0 0 0  0 0 0 0  0 0 0 0 
D8 0 0 0 0  0 0 0 0  0 0 0 0 
D9 0 0 0 0  0 0 0 0  0 0 0 0 
D10 0 0 0 0  0 0 0 0  0 0 0 0 
D11 1 21 1 21  1 14.6 1 14.4  1 14.6 1 14.6 
D12 0 0 0 0  0 0 0 0  0 0 0 0 
D13 0 0 0 0  0 0 0 0  0 0 0 0 
D14 0 0 0 0  0 0 0 0  0 0 0 0 
D15 0 0 0 0  0 0 0 0  0 0 0 0 
D16 0 0 0 0  0 0 0 0  0 0 0 0 
D17 0 0 0 0  0 0 0 0  0 0 0 0 
D18 0 0 0 0  0 0 0 0  0 0 0 0 
D19 0 0 0 0  0 0 0 0  0 0 0 0 
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D20 0 0 0 0  0 0 0 0  0 0 0 0 
D21 0 0 0 0  0 0 0 0  0 0 0 0 
D22 0 0 0 0  0 0 0 0  0 0 0 0 
E1 0 0 0 0  0 0 0 0  0 0 0 0 
E2 0 0 0 0  0 0 0 0  0 0 0 0 
E3 0 0 0 0  0 0 0 0  0 0 0 0 
E4 0 0 0 0  0 0 0 0  0 0 0 0 
E5 0 0 0 0  0 0 0 0  0 0 0 0 
E6 0 0 0 0  0 0 0 0  0 0 0 0 
E7 0 0 0 0  0 0 0 0  0 0 0 0 
E8 0 0 0 0  0 0 0 0  0 0 0 0 
E9 0 0 0 0  0 0 0 0  0 0 0 0 
E10 0 0 0 0  0 0 0 0  0 0 0 0 
E11 0 0 0 0  0 0 0 0  0 0 0 0 
E12 0 0 0 0  0 0 0 0  0 0 0 0 
E13 0 0 0 0  0 0 0 0  0 0 0 0 
E14 0 0 0 0  0 0 0 0  0 0 0 0 
E15 0 0 0 0  0 0 0 0  0 0 0 0 
E16 0 0 0 0  0 0 0 0  0 0 0 0 
E17 0 0 0 0  0 0 0 0  0 0 0 0 
E18 0 0 0 0  0 0 0 0  0 0 0 0 
E19 0 0 0 0  0 0 0 0  0 0 0 0 
E20 0 0 0 0  0 0 0 0  0 0 0 0 
E21 0 0 0 0  0 0 0 0  0 0 0 0 
E22 0 0 0 0  0 0 0 0  0 0 0 0 
F1 0 0 0 0  0 0 0 0  0 0 0 0 
F2 0 0 0 0  0 0 0 0  0 0 0 0 
F3 0 0 0 0  0 0 0 0  0 0 0 0 
F4 0 0 0 0  0 0 0 0  0 0 0 0 
F5 0 0 0 0  0 0 0 0  0 0 0 0 
F6 6 76.6 9 142.6  6 76.6 9 129.3  6 76.6 9 128.8 
F7 2 30.8 0 0  2 30.8 0 0  2 30.8 0 0 
F8 0 0 0 0  0 0 0 0  0 0 0 0 
F9 0 0 0 0  0 0 0 0  0 0 0 0 
F10 0 0 0 0  0 0 0 0  0 0 0 0 
F11 0 0 0 0  0 0 0 0  0 0 0 0 
F12 1 12 0 0  1 12 0 0  1 12 0 0 
F13 0 0 0 0  0 0 0 0  0 0 0 0 
F14 0 0 0 0  0 0 0 0  0 0 0 0 
F15 0 0 0 0  0 0 0 0  0 0 0 0 
F16 0 0 0 0  0 0 0 0  0 0 0 0 
F17 0 0 0 0  0 0 0 0  0 0 0 0 
F18 0 0 0 0  0 0 0 0  0 0 0 0 
F19 0 0 0 0  0 0 0 0  0 0 0 0 
F20 0 0 0 0  0 0 0 0  0 0 0 0 
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F21 0 0 0 0  0 0 0 0  0 0 0 0 
F22 0 0 0 0  0 0 0 0  0 0 0 0 
G1 0 0 0 0  0 0 0 0  0 0 0 0 
G2 0 0 0 0  0 0 0 0  0 0 0 0 
G3 0 0 0 0  0 0 0 0  0 0 0 0 
G4 0 0 0 0  0 0 0 0  0 0 0 0 
G5 0 0 0 0  0 0 0 0  0 0 0 0 
G6 1 7.9 2 42.8  1 7.9 2 15  1 7.9 2 14.8 
G7 0 0 0 0  0 0 0 0  0 0 0 0 
G8 0 0 0 0  0 0 0 0  0 0 0 0 
G9 0 0 0 0  0 0 0 0  0 0 0 0 
G10 0 0 0 0  0 0 0 0  0 0 0 0 
G11 4 54.8 9 107.3  4 46 9 98.9  4 42.8 9 95.5 
G12 0 0 0 0  0 0 0 0  0 0 0 0 
G13 0 0 0 0  0 0 0 0  0 0 0 0 
G14 0 0 0 0  0 0 0 0  0 0 0 0 
G15 0 0 0 0  0 0 0 0  0 0 0 0 
G16 0 0 0 0  0 0 0 0  0 0 0 0 
G17 0 0 0 0  0 0 0 0  0 0 0 0 
G18 0 0 0 0  0 0 0 0  0 0 0 0 
G19 0 0 0 0  0 0 0 0  0 0 0 0 
G20 0 0 0 0  0 0 0 0  0 0 0 0 
G21 0 0 0 0  0 0 0 0  0 0 0 0 
G22 0 0 0 0  0 0 0 0  0 0 0 0 
H1 0 0 0 0  0 0 0 0  0 0 0 0 
H2 0 0 0 0  0 0 0 0  0 0 0 0 
H3 0 0 0 0  0 0 0 0  0 0 0 0 
H4 0 0 0 0  0 0 0 0  0 0 0 0 
H5 0 0 0 0  0 0 0 0  0 0 0 0 
H6 0 0 0 0  0 0 0 0  0 0 0 0 
H7 0 0 0 0  0 0 0 0  0 0 0 0 
H8 0 0 0 0  0 0 0 0  0 0 0 0 
H9 0 0 0 0  0 0 0 0  0 0 0 0 
H10 0 0 0 0  0 0 0 0  0 0 0 0 
H11 0 0 0 0  0 0 0 0  0 0 0 0 
H12 0 0 0 0  0 0 0 0  0 0 0 0 
H13 0 0 0 0  0 0 0 0  0 0 0 0 
H14 0 0 0 0  0 0 0 0  0 0 0 0 
H15 0 0 0 0  0 0 0 0  0 0 0 0 
H16 0 0 0 0  0 0 0 0  0 0 0 0 
H17 0 0 0 0  0 0 0 0  0 0 0 0 
H18 0 0 0 0  0 0 0 0  0 0 0 0 
H19 0 0 0 0  0 0 0 0  0 0 0 0 
H20 0 0 0 0  0 0 0 0  0 0 0 0 
H21 0 0 0 0  0 0 0 0  0 0 0 0 
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H22 0 0 0 0  0 0 0 0  0 0 0 0 
I1 0 0 0 0  0 0 0 0  0 0 0 0 
I2 0 0 0 0  0 0 0 0  0 0 0 0 
I3 0 0 0 0  0 0 0 0  0 0 0 0 
I4 0 0 0 0  0 0 0 0  0 0 0 0 
I5 0 0 0 0  0 0 0 0  0 0 0 0 
I6 0 0 0 0  0 0 0 0  0 0 0 0 
I7 0 0 0 0  0 0 0 0  0 0 0 0 
I8 0 0 0 0  0 0 0 0  0 0 0 0 
I9 0 0 0 0  0 0 0 0  0 0 0 0 
I10 0 0 0 0  0 0 0 0  0 0 0 0 
I11 0 0 0 0  0 0 0 0  0 0 0 0 
I12 0 0 0 0  0 0 0 0  0 0 0 0 
I13 0 0 0 0  0 0 0 0  0 0 0 0 
I14 0 0 0 0  0 0 0 0  0 0 0 0 
I15 0 0 0 0  0 0 0 0  0 0 0 0 
I16 0 0 0 0  0 0 0 0  0 0 0 0 
I17 0 0 0 0  0 0 0 0  0 0 0 0 
I18 3 37.5 3 28.9  3 54 3 34.4  3 24.6 3 24.6 
I19 0 0 0 0  0 0 0 0  0 0 0 0 
I20 0 0 0 0  0 0 0 0  0 0 0 0 
I21 0 0 0 0  0 0 0 0  0 0 0 0 
I22 0 0 0 0  0 0 0 0  0 0 0 0 
J1 0 0 0 0  0 0 0 0  0 0 0 0 
J2 0 0 0 0  0 0 0 0  0 0 0 0 
J3 0 0 0 0  0 0 0 0  0 0 0 0 
J4 0 0 0 0  0 0 0 0  0 0 0 0 
J5 0 0 0 0  0 0 0 0  0 0 0 0 
J6 0 0 0 0  0 0 0 0  0 0 0 0 
J7 0 0 0 0  0 0 0 0  0 0 0 0 
J8 0 0 0 0  0 0 0 0  0 0 0 0 
J9 0 0 0 0  0 0 0 0  0 0 0 0 
J10 0 0 0 0  0 0 0 0  0 0 0 0 
J11 0 0 0 0  0 0 0 0  0 0 0 0 
J12 0 0 0 0  0 0 0 0  0 0 0 0 
J13 0 0 0 0  0 0 0 0  0 0 0 0 
J14 1 6.3 0 0  1 6.3 0 0  1 6.3 0 0 
J15 0 0 0 0  0 0 0 0  0 0 0 0 
J16 0 0 0 0  0 0 0 0  0 0 0 0 
J17 0 0 1 11.1  0 0 1 16.5  0 0 1 6.4 
J18 1 10 0 0  1 10 0 0  1 10 0 0 
J19 0 0 0 0  0 0 0 0  0 0 0 0 
J20 0 0 0 0  0 0 0 0  0 0 0 0 
J21 0 0 0 0  0 0 0 0  0 0 0 0 
J22 0 0 0 0  0 0 0 0  0 0 0 0 
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K1 0 0 0 0  0 0 0 0  0 0 0 0 
K2 0 0 0 0  0 0 0 0  0 0 0 0 
K3 0 0 0 0  0 0 0 0  0 0 0 0 
K4 2 30.8 0 0  2 30.8 0 0  2 30.8 0 0 
K5 13 230.6 25 420.8  13 64.6 25 188.4  13 64.6 25 187 
K6 0 0 0 0  0 0 0 0  0 0 0 0 
K7 1 12.1 1 12.1  1 12.1 1 12.1  1 12.1 1 12.1 
K8 0 0 2 18.2  0 0 2 18.2  0 0 2 18.2 
K9 1 10.6 0 0  1 10.6 0 0  1 10.6 0 0 
K10 1 5.1 0 0  1 5.1 0 0  1 5.1 0 0 
K11 0 0 1 8.2  0 0 1 8.2  0 0 1 8.2 
K12 0 0 1 7.4  0 0 1 7.4  0 0 1 7.4 
K13 1 2 1 5.8  1 2 1 5.8  1 2 1 5.8 
K14 0 0 1 5.1  0 0 1 5.1  0 0 1 5.1 
K15 2 15.9 2 22  2 18.8 2 27.8  2 10.2 2 10.8 
K16 0 0 0 0  0 0 0 0  0 0 0 0 
K17 0 0 0 0  0 0 0 0  0 0 0 0 
K18 7 42.1 59 428.9  7 69.7 59 678.5  7 33.7 59 294.5 
K19 0 0 0 0  0 0 0 0  0 0 0 0 
K20 0 0 0 0  0 0 0 0  0 0 0 0 
K21 0 0 0 0  0 0 0 0  0 0 0 0 
K22 0 0 0 0  0 0 0 0  0 0 0 0 
L1 0 0 0 0  0 0 0 0  0 0 0 0 
L2 1 16.7 0 0  236 2231.3 420 4515  136 635.6 205 984.9 
L3 3 43.9 18 353.5  3 43.9 18 90.2  3 43.9 18 106.3 
L4 3 38.3 10 148.1  3 38.3 10 129.4  3 38.3 10 129.9 
L5 35 467.8 60 782.1  35 418.9 60 733.2  35 419.8 60 733.2 
L6 23 298.7 27 344.2  23 190.9 27 202.2  23 199.3 27 202.2 
L7 14 163.8 22 250  14 151.8 22 196  14 151.7 22 213.7 
L8 10 105.8 15 167.1  10 88.6 15 125.5  10 96.3 15 129.1 
L9 9 81 14 117.5  9 73.1 14 107.3  9 73 14 109.6 
L10 27 254.9 29 278.4  27 210.1 29 219  27 210.1 29 219 
L11 0 0 0 0  0 0 0 0  0 0 0 0 
L12 1 6.8 2 15  1 6.8 2 13.3  1 6.8 2 9.1 
L13 5 23.9 8 50.5  5 24.5 8 58.1  5 18.1 8 38.9 
L14 8 43.9 21 128.6  8 43.9 21 128.6  8 43.9 21 128.6 
L15 0 0 1 9.8  0 0 1 13.9  0 0 1 4.1 
L16 0 0 0 0  0 0 0 0  0 0 0 0 
L17 0 0 0 0  0 0 0 0  0 0 0 0 
L18 0 0 7 60.2  0 0 7 121.8  0 0 7 32.9 
L19 0 0 0 0  0 0 0 0  0 0 0 0 
L20 0 0 0 0  0 0 0 0  0 0 0 0 
L21 0 0 0 0  0 0 0 0  0 0 0 0 
L22 0 0 0 0  0 0 0 0  0 0 0 0 
M1 0 0 0 0  0 0 0 0  0 0 0 0 
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M2 0 0 0 0  0 0 0 0  0 0 0 0 
M3 32 451.7 37 558.9  32 393.2 37 500.4  32 393.2 37 500.7 
M4 11 183.8 10 168.2  11 123.4 10 114.5  11 147.8 10 114.2 
M5 0 0 0 0  0 0 0 0  0 0 0 0 
M6 0 0 0 0  0 0 0 0  0 0 0 0 
M7 2 16.7 0 0  2 16.7 0 0  2 16.7 0 0 
M8 10 113.5 14 155.5  10 113.5 14 155.5  10 113.5 14 155.5 
M9 0 0 0 0  0 0 0 0  0 0 0 0 
M10 0 0 0 0  0 0 0 0  0 0 0 0 
M11 0 0 0 0  0 0 0 0  0 0 0 0 
M12 0 0 0 0  0 0 0 0  0 0 0 0 
M13 0 0 0 0  0 0 0 0  0 0 0 0 
M14 0 0 0 0  0 0 0 0  0 0 0 0 
M15 3 19.8 3 16.1  3 19.8 3 16.1  3 19.8 3 16.1 
M16 6 41.2 5 37.4  6 69.2 5 57.5  6 18 5 20 
M17 0 0 0 0  0 0 0 0  0 0 0 0 
M18 0 0 2 8.6  0 0 2 8.6  0 0 2 8.6 
M19 0 0 0 0  0 0 0 0  0 0 0 0 
M20 0 0 0 0  0 0 0 0  0 0 0 0 
M21 0 0 0 0  0 0 0 0  0 0 0 0 
M22 0 0 0 0  0 0 0 0  0 0 0 0 
M23 0 0 0 0  0 0 0 0  0 0 0 0 
M24 0 0 0 0  0 0 0 0  0 0 0 0 
N1 0 0 0 0  0 0 0 0  0 0 0 0 
N2 0 0 0 0  0 0 0 0  0 0 0 0 
N3 21 308.1 28 414  21 308.1 28 414  21 308.1 28 414 
N4 40 865.6 57 1196.3  40 181.1 57 289.8  40 181.1 57 289.8 
N5 0 0 0 0  0 0 0 0  0 0 0 0 
N6 0 0 0 0  0 0 0 0  0 0 0 0 
N7 0 0 0 0  0 0 0 0  0 0 0 0 
N8 0 0 0 0  0 0 0 0  0 0 0 0 
N9 0 0 0 0  0 0 0 0  0 0 0 0 
N10 0 0 0 0  0 0 0 0  0 0 0 0 
N11 0 0 0 0  0 0 0 0  0 0 0 0 
N12 0 0 0 0  0 0 0 0  0 0 0 0 
N13 0 0 0 0  0 0 0 0  0 0 0 0 
N14 0 0 0 0  0 0 0 0  0 0 0 0 
N15 0 0 0 0  0 0 0 0  0 0 0 0 
N16 6 9.6 8 13.4  6 9.6 8 13.4  6 9.6 8 13.4 
N17 188 1841.3 188 1703.6  188 2591.3 188 2283.6  188 1541.3 188 1528.6 
N18 0 0 0 0  0 0 0 0  0 0 0 0 
N19 0 0 0 0  0 0 0 0  0 0 0 0 
N20 0 0 0 0  0 0 0 0  0 0 0 0 
N21 0 0 0 0  0 0 0 0  0 0 0 0 
N22 0 0 0 0  0 0 0 0  0 0 0 0 
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N23 0 0 0 0  0 0 0 0  0 0 0 0 
N24 0 0 0 0  0 0 0 0  0 0 0 0 
O1 0 0 0 0  0 0 0 0  0 0 0 0 
O2 0 0 0 0  0 0 0 0  0 0 0 0 
O3 0 0 0 0  0 0 0 0  0 0 0 0 
O4 0 0 2 33.2  0 0 2 21.3  0 0 2 33.2 
O5 0 0 0 0  0 0 0 0  0 0 0 0 
O6 0 0 0 0  0 0 0 0  0 0 0 0 
O7 0 0 0 0  0 0 0 0  0 0 0 0 
O8 0 0 0 0  0 0 0 0  0 0 0 0 
O9 0 0 0 0  0 0 0 0  0 0 0 0 
O10 0 0 0 0  0 0 0 0  0 0 0 0 
O11 0 0 0 0  0 0 0 0  0 0 0 0 
O12 0 0 0 0  0 0 0 0  0 0 0 0 
O13 0 0 0 0  0 0 0 0  0 0 0 0 
O14 0 0 0 0  0 0 0 0  0 0 0 0 
O15 0 0 0 0  0 0 0 0  0 0 0 0 
O16 0 0 0 0  0 0 0 0  0 0 0 0 
O17 72 545.1 97 629.1  64 599.7 88 703  128 751.8 222 1258.4 
O18 1 2 2 4  1 2 2 4  1 2 2 4 
O19 0 0 0 0  0 0 0 0  0 0 0 0 
O20 0 0 0 0  0 0 0 0  0 0 0 0 
O21 0 0 0 0  0 0 0 0  0 0 0 0 
O22 0 0 0 0  0 0 0 0  0 0 0 0 
O23 0 0 0 0  0 0 0 0  0 0 0 0 
O24 0 0 0 0  0 0 0 0  0 0 0 0 
P1 0 0 0 0  0 0 0 0  0 0 0 0 
P2 0 0 0 0  0 0 0 0  0 0 0 0 
P3 0 0 0 0  0 0 0 0  0 0 0 0 
P4 0 0 0 0  0 0 0 0  0 0 0 0 
P5 0 0 0 0  0 0 0 0  0 0 0 0 
P6 0 0 0 0  0 0 0 0  0 0 0 0 
P7 0 0 0 0  0 0 0 0  0 0 0 0 
P8 0 0 0 0  0 0 0 0  0 0 0 0 
P9 0 0 0 0  0 0 0 0  0 0 0 0 
P10 0 0 0 0  0 0 0 0  0 0 0 0 
P11 0 0 0 0  0 0 0 0  0 0 0 0 
P12 0 0 0 0  0 0 0 0  0 0 0 0 
P13 0 0 0 0  0 0 0 0  0 0 0 0 
P14 0 0 0 0  0 0 0 0  0 0 0 0 
P15 0 0 0 0  0 0 0 0  0 0 0 0 
P16 0 0 0 0  0 0 0 0  0 0 0 0 
P17 0 0 0 0  0 0 0 0  0 0 0 0 
P18 0 0 0 0  0 0 0 0  0 0 0 0 
P19 0 0 0 0  0 0 0 0  0 0 0 0 
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P20 0 0 0 0  0 0 0 0  0 0 0 0 
P21 0 0 0 0  0 0 0 0  0 0 0 0 
P22 0 0 0 0  0 0 0 0  0 0 0 0 
P23 0 0 0 0  0 0 0 0  0 0 0 0 
P24 0 0 0 0  0 0 0 0  0 0 0 0 
Q1 0 0 0 0  0 0 0 0  0 0 0 0 
Q2 0 0 0 0  0 0 0 0  0 0 0 0 
Q3 0 0 0 0  0 0 0 0  0 0 0 0 
Q4 0 0 0 0  0 0 0 0  0 0 0 0 
Q5 0 0 0 0  0 0 0 0  0 0 0 0 
Q6 0 0 0 0  0 0 0 0  0 0 0 0 
Q7 0 0 0 0  0 0 0 0  0 0 0 0 
Q8 0 0 0 0  0 0 0 0  0 0 0 0 
Q9 0 0 0 0  0 0 0 0  0 0 0 0 
Q10 0 0 0 0  0 0 0 0  0 0 0 0 
Q11 0 0 0 0  0 0 0 0  0 0 0 0 
Q12 0 0 0 0  0 0 0 0  0 0 0 0 
Q13 0 0 0 0  0 0 0 0  0 0 0 0 
Q14 0 0 0 0  0 0 0 0  0 0 0 0 
Q15 0 0 0 0  0 0 0 0  0 0 0 0 
Q16 0 0 0 0  0 0 0 0  0 0 0 0 
Q17 0 0 0 0  0 0 0 0  0 0 0 0 
Q18 0 0 0 0  0 0 0 0  0 0 0 0 
Q19 0 0 0 0  0 0 0 0  0 0 0 0 
Q20 0 0 0 0  0 0 0 0  0 0 0 0 
Q21 0 0 0 0  0 0 0 0  0 0 0 0 
Q22 0 0 0 0  0 0 0 0  0 0 0 0 
Q23 0 0 0 0  0 0 0 0  0 0 0 0 
Q24 0 0 0 0  0 0 0 0  0 0 0 0 
R1 0 0 0 0  0 0 0 0  0 0 0 0 
R2 0 0 0 0  0 0 0 0  0 0 0 0 
R3 0 0 0 0  0 0 0 0  0 0 0 0 
R4 0 0 0 0  0 0 0 0  0 0 0 0 
R5 0 0 0 0  0 0 0 0  0 0 0 0 
R6 0 0 0 0  0 0 0 0  0 0 0 0 
R7 0 0 0 0  0 0 0 0  0 0 0 0 
R8 0 0 0 0  0 0 0 0  0 0 0 0 
R9 0 0 0 0  0 0 0 0  0 0 0 0 
R10 0 0 0 0  0 0 0 0  0 0 0 0 
R11 0 0 0 0  0 0 0 0  0 0 0 0 
R12 0 0 0 0  0 0 0 0  0 0 0 0 
R13 0 0 0 0  0 0 0 0  0 0 0 0 
R14 0 0 0 0  0 0 0 0  0 0 0 0 
R15 0 0 0 0  0 0 0 0  0 0 0 0 
R16 0 0 0 0  0 0 0 0  0 0 0 0 
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R17 0 0 0 0  0 0 0 0  0 0 0 0 
R18 0 0 0 0  0 0 0 0  0 0 0 0 
R19 0 0 0 0  0 0 0 0  0 0 0 0 
R20 0 0 0 0  0 0 0 0  0 0 0 0 
R21 0 0 0 0  0 0 0 0  0 0 0 0 
R22 0 0 0 0  0 0 0 0  0 0 0 0 
R23 0 0 0 0  0 0 0 0  0 0 0 0 
R24 0 0 0 0  0 0 0 0  0 0 0 0 
S1 0 0 0 0  0 0 0 0  0 0 0 0 
S2 0 0 0 0  0 0 0 0  0 0 0 0 
S3 0 0 0 0  0 0 0 0  0 0 0 0 
S4 0 0 0 0  0 0 0 0  0 0 0 0 
S5 0 0 0 0  0 0 0 0  0 0 0 0 
S6 0 0 0 0  0 0 0 0  0 0 0 0 
S7 0 0 0 0  0 0 0 0  0 0 0 0 
S8 0 0 0 0  0 0 0 0  0 0 0 0 
S9 0 0 0 0  0 0 0 0  0 0 0 0 
S10 0 0 0 0  0 0 0 0  0 0 0 0 
S11 0 0 0 0  0 0 0 0  0 0 0 0 
S12 0 0 0 0  0 0 0 0  0 0 0 0 
S13 0 0 0 0  0 0 0 0  0 0 0 0 
S14 0 0 0 0  0 0 0 0  0 0 0 0 
S15 0 0 0 0  0 0 0 0  0 0 0 0 
S16 0 0 0 0  0 0 0 0  0 0 0 0 
S17 0 0 0 0  0 0 0 0  0 0 0 0 
S18 0 0 0 0  0 0 0 0  0 0 0 0 
S19 0 0 0 0  0 0 0 0  0 0 0 0 
S20 226 3554.5 406 6000.8  0 0 0 0  0 0 0 0 
S21 0 0 0 0  0 0 0 0  0 0 0 0 
S22 0 0 0 0  0 0 0 0  0 0 0 0 
S23 0 0 0 0  0 0 0 0  0 0 0 0 
S24 0 0 0 0  0 0 0 0  0 0 0 0 
T1 0 0 0 0  0 0 0 0  0 0 0 0 
T2 0 0 0 0  0 0 0 0  0 0 0 0 
T3 0 0 0 0  0 0 0 0  0 0 0 0 
T4 0 0 0 0  0 0 0 0  0 0 0 0 
T5 0 0 0 0  0 0 0 0  0 0 0 0 
T6 0 0 0 0  0 0 0 0  0 0 0 0 
T7 0 0 0 0  0 0 0 0  0 0 0 0 
T8 0 0 0 0  0 0 0 0  0 0 0 0 
T9 0 0 0 0  0 0 0 0  0 0 0 0 
T10 0 0 0 0  0 0 0 0  0 0 0 0 
T11 0 0 0 0  0 0 0 0  0 0 0 0 
T12 0 0 0 0  0 0 0 0  0 0 0 0 
T13 0 0 0 0  0 0 0 0  0 0 0 0 
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T14 0 0 0 0  0 0 0 0  0 0 0 0 
T15 0 0 0 0  0 0 0 0  0 0 0 0 
T16 0 0 0 0  0 0 0 0  0 0 0 0 
T17 0 0 0 0  0 0 0 0  0 0 0 0 
T18 0 0 0 0  0 0 0 0  0 0 0 0 
T19 0 0 0 0  0 0 0 0  0 0 0 0 
T20 0 0 0 0  0 0 0 0  0 0 0 0 
T21 0 0 0 0  0 0 0 0  0 0 0 0 
T22 0 0 0 0  0 0 0 0  0 0 0 0 
T23 0 0 0 0  0 0 0 0  0 0 0 0 
T24 0 0 0 0  0 0 0 0  0 0 0 0 
Rangiora 0 0 0 0  0 0 0 0  0 0 0 0 
Woodend 0 0 0 0  0 0 0 0  0 0 0 0 
Kaiapoi 2 47.6 5 117.6  2 47.6 5 117.6  2 47.6 5 117.6 
Templeton 0 0 0 0  0 0 0 0  0 0 0 0 
Rolleston 2 44.8 3 88.3  2 44.8 3 65.7  2 44.8 3 65.7 
Burnham 0 0 0 0  0 0 0 0  0 0 0 0 
Lincoln 0 0 2 58  0 0 2 27.2  0 0 2 27.2 
Dickeys Rd 2 48.6 5 121.5  2 38.2 5 95.5  2 37.2 5 93.5 
Totals 828 10636.1 1240 15627.4  829 8825.9 1245 13004.6  793 6233.9 1164 8741.9 
 Average Trip 
Length  
12.85 Average Trip 
Length  
12.60  Average Trip 
Length  
10.65 Average Trip 
Length  
10.45  Average Trip 
Length  
7.86 Average Trip 
Length  
7.51 
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Appendix 15: Congestion Control Point Location  
 
 
Key 
A- Intersection of Brougham Street 
and Garlands Road 
B- Intersection of Brougham Street 
and Colombo Street 
C- Intersection of Blenheim Road and 
Matipo Street 
 
D- Sockburn Roundabout 
 
E- Intersection of Main South Road 
and Carmen Road 
 
F- Intersection of Springs Road and 
Halswell Junction Road 
 
G- Intersection of Tunnel Road and 
Ferry Road 
 
H- Christchurch Southern Motorway 
 
 
 
A 
B 
C D 
E 
F 
G 
H 
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 Appendix 16: Congestion Workbook (Scenario One, Average Week) 
 
 Control Point (yes/no)   Trips per Point 
Journey A B C D E F G H  #Trips  A B C D E F G H 
A13==> O17 1         0  0 0 0 0 0 0 0 0 
A13==>S20       1   11  0 0 0 0 0 0 11 0 
C9==>O17 1         0  0 0 0 0 0 0 0 0 
C9==>S20       1   6  0 0 0 0 0 0 6 0 
D11==>S20       1   1  0 0 0 0 0 0 1 0 
D5==>S20       1   0  0 0 0 0 0 0 0 0 
DickeysRd==>S20  1        2  0 2 0 0 0 0 0 0 
F12==>N17 1         1  1 0 0 0 0 0 0 0 
F6==>L6    1      1  0 0 0 1 0 0 0 0 
F6==>N17 1         0  0 0 0 0 0 0 0 0 
F6==>O17 1         2  2 0 0 0 0 0 0 0 
F6==>S20       1   0  0 0 0 0 0 0 0 0 
F7==>O17 1         2  2 0 0 0 0 0 0 0 
G11==>L2    1      0  0 0 0 0 0 0 0 0 
G11==>N17 1         2  2 0 0 0 0 0 0 0 
G11==>S20       1   2  0 0 0 0 0 0 2 0 
G6==>L10   1       1  0 0 1 0 0 0 0 0 
G6==>S20       1   0  0 0 0 0 0 0 0 0 
I18==>L2   1 1      0  0 0 0 0 0 0 0 0 
I18==>O17 1         0  0 0 0 0 0 0 0 0 
I18==>S20       1   3  0 0 0 0 0 0 3 0 
J14==>N17 1         1  1 0 0 0 0 0 0 0 
J17==>L2   1 1      0  0 0 0 0 0 0 0 0 
J17==>S20       1   0  0 0 0 0 0 0 0 0 
J18==>L10   1       1  0 0 1 0 0 0 0 0 
K10==>L6   1 1      1  0 0 1 1 0 0 0 0 
K11==>N17 1         0  0 0 0 0 0 0 0 0 
K12==>O17 1         0  0 0 0 0 0 0 0 0 
K13==>N17 1         0  0 0 0 0 0 0 0 0 
K14==>N17 1         0  0 0 0 0 0 0 0 0 
K15==>L2   1 1      0  0 0 0 0 0 0 0 0 
K15==>N17 1         1  1 0 0 0 0 0 0 0 
K15==>S20       1   1  0 0 0 0 0 0 1 0 
K18==>L2   1 1      0  0 0 0 0 0 0 0 0 
K18==>S20       1   2  0 0 0 0 0 0 2 0 
K4==>O17 1 1  1    1  2  2 2 0 2 0 0 0 2 
K5==>K15   1 1      0  0 0 0 0 0 0 0 0 
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K5==>L12   1 1      1  0 0 1 1 0 0 0 0 
K5==>L13   1 1      0  0 0 0 0 0 0 0 0 
K5==>L14   1 1      2  0 0 2 2 0 0 0 0 
K5==>N17 1 1  1    1  0  0 0 0 0 0 0 0 0 
K5==>O17 1 1 1 1    1  0  0 0 0 0 0 0 0 0 
K5==>S20 1 1  1    1  10  10 10 0 10 0 0 0 10 
K7==>O17 1 1      1  1  1 1 0 0 0 0 0 1 
K8==>L14   1       0  0 0 0 0 0 0 0 0 
K8==>O17 1 1      1  0  0 0 0 0 0 0 0 0 
K9==>O17 1 1 1       1  1 1 1 0 0 0 0 0 
Kaiapoi==>L6    1      0  0 0 0 0 0 0 0 0 
Kaiapoi==>N17 1         1  1 0 0 0 0 0 0 0 
Kaiapoi==>O17 1         1  1 0 0 0 0 0 0 0 
L10==>L2    1      0  0 0 0 0 0 0 0 0 
L10==>L3   1 1 1     2  0 0 2 2 2 0 0 0 
L10==>L5   1 1      2  0 0 2 2 0 0 0 0 
L10==>L6    1      0  0 0 0 0 0 0 0 0 
L10==>M15  1        2  0 2 0 0 0 0 0 0 
L10==>M3    1 1     0  0 0 0 0 0 0 0 0 
L10==>N17 1 1        1  1 1 0 0 0 0 0 0 
L10==>N4    1  1    11  0 0 0 11 0 11 0 0 
L10==>O17 1 1        1  1 1 0 0 0 0 0 0 
L10==>S20 1 1        7  7 7 0 0 0 0 0 0 
L12==>L2   1 1      0  0 0 0 0 0 0 0 0 
L12==>O17 1 1        1  1 1 0 0 0 0 0 0 
L12==>S20 1 1        0  0 0 0 0 0 0 0 0 
L13==>L10   1       1  0 0 1 0 0 0 0 0 
L13==>L2   1 1      0  0 0 0 0 0 0 0 0 
L13==>L9        1  0  0 0 0 0 0 0 0 0 
L13==>N17 1         0  0 0 0 0 0 0 0 0 
L13==>O17 1         1  1 0 0 0 0 0 0 0 
L13==>S20 1         1  1 0 0 0 0 0 0 0 
L14==>L10   1       1  0 0 1 0 0 0 0 0 
L14==>L6    1      0  0 0 0 0 0 0 0 0 
L14==>L8   1       0  0 0 0 0 0 0 0 0 
L14==>M16 1         1  1 0 0 0 0 0 0 0 
L14==>N17 1         4  4 0 0 0 0 0 0 0 
L14==>N4   1 1      1  0 0 1 1 0 0 0 0 
L14==>O17 1         1  1 0 0 0 0 0 0 0 
L15==>L2   1 1      0  0 0 0 0 0 0 0 0 
L15==>S20 1         0  0 0 0 0 0 0 0 0 
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L18==>L2   1 1      0  0 0 0 0 0 0 0 0 
L18==>S20       1   0  0 0 0 0 0 0 0 0 
L2==>G11    1      0  0 0 0 0 0 0 0 0 
L2==>I18   1 1      0  0 0 0 0 0 0 0 0 
L2==>K11   1 1      0  0 0 0 0 0 0 0 0 
L2==>K12    1      0  0 0 0 0 0 0 0 0 
L2==>K13   1 1      0  0 0 0 0 0 0 0 0 
L2==>K14   1 1      0  0 0 0 0 0 0 0 0 
L2==>K18   1 1      0  0 0 0 0 0 0 0 0 
L2==>K8    1      0  0 0 0 0 0 0 0 0 
L2==>K9    1      0  0 0 0 0 0 0 0 0 
L2==>L10   1 1      0  0 0 0 0 0 0 0 0 
L2==>L12   1 1      0  0 0 0 0 0 0 0 0 
L2==>L13   1 1      0  0 0 0 0 0 0 0 0 
L2==>L14   1 1      0  0 0 0 0 0 0 0 0 
L2==>L18   1 1      0  0 0 0 0 0 0 0 0 
L2==>L5     1     0  0 0 0 0 0 0 0 0 
L2==>L6     1     0  0 0 0 0 0 0 0 0 
L2==>L7    1      0  0 0 0 0 0 0 0 0 
L2==>L8    1      0  0 0 0 0 0 0 0 0 
L2==>L9    1      0  0 0 0 0 0 0 0 0 
L2==>M15  1  1    1  0  0 0 0 0 0 0 0 0 
L2==>M16 1 1  1    1  0  0 0 0 0 0 0 0 0 
L2==>M18   1 1   1   0  0 0 0 0 0 0 0 0 
L2==>M8    1      0  0 0 0 0 0 0 0 0 
L2==>N16  1  1    1  0  0 0 0 0 0 0 0 0 
L2==>N17 1 1  1    1  1  1 1 0 1 0 0 0 1 
L2==>N18 1 1  1    1  0  0 0 0 0 0 0 0 0 
L2==>N19   1 1   1   0  0 0 0 0 0 0 0 0 
L2==>O17 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L2==>O18 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L3==>L14  1  1 1   1  1  0 1 0 1 1 0 0 1 
L3==>N17 1 1  1 1   1  2  2 2 0 2 2 0 0 2 
L3==>O17 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L3==>S20 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L4==>L12   1 1 1     1  0 0 1 1 1 0 0 0 
L4==>L14   1 1 1     0  0 0 0 0 0 0 0 0 
L4==>N17 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
L4==>O17 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
L4==>S20 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L5==>F6     1     0  0 0 0 0 0 0 0 0 
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L5==>L10   1 1      2  0 0 2 2 0 0 0 0 
L5==>L14   1 1      3  0 0 3 3 0 0 0 0 
L5==>L2     1     0  0 0 0 0 0 0 0 0 
L5==>L7    1      0  0 0 0 0 0 0 0 0 
L5==>L9    1      0  0 0 0 0 0 0 0 0 
L5==>N17 1 1  1   1   15  15 15 0 15 0 0 15 0 
L5==>N4      1    0  0 0 0 0 0 0 0 0 
L5==>O17 1 1  1   1   12  12 12 0 12 0 0 12 0 
L5==>S20 1 1  1   1   3  3 3 0 3 0 0 3 0 
L6==>L10   1 1      1  0 0 1 1 0 0 0 0 
L6==>L14   1 1 1     2  0 0 2 2 2 0 0 0 
L6==>L2     1     0  0 0 0 0 0 0 0 0 
L6==>L8    1      0  0 0 0 0 0 0 0 0 
L6==>N17 1 1  1    1  7  7 7 0 7 0 0 0 7 
L6==>O17 1 1  1    1  4  4 4 0 4 0 0 0 4 
L6==>O4      1    0  0 0 0 0 0 0 0 0 
L6==>S20 1 1  1    1  7  7 7 0 7 0 0 0 7 
L7==>L14   1     1  1  0 0 1 0 0 0 0 1 
L7==>L2     1     0  0 0 0 0 0 0 0 0 
L7==>N17 1 1      1  12  12 12 0 0 0 0 0 12 
L7==>O17 1 1      1  0  0 0 0 0 0 0 0 0 
L7==>S20 1 1      1  1  1 1 0 0 0 0 0 1 
L8==>L14  1 1       1  0 1 1 0 0 0 0 0 
L8==>L2    1      0  0 0 0 0 0 0 0 0 
L8==>L6    1      0  0 0 0 0 0 0 0 0 
L8==>N17 1 1      1  5  5 5 0 0 0 0 0 5 
L8==>O17 1 1      1  3  3 3 0 0 0 0 0 3 
L8==>S20 1 1      1  1  1 1 0 0 0 0 0 1 
L9==>L14  1      1  3  0 3 0 0 0 0 0 3 
L9==>L2    1      0  0 0 0 0 0 0 0 0 
L9==>N17 1 1      1  2  2 2 0 0 0 0 0 2 
L9==>O17 1 1      1  3  3 3 0 0 0 0 0 3 
L9==>S20 1 1      1  1  1 1 0 0 0 0 0 1 
Lincoln==>S20 1         0  0 0 0 0 0 0 0 0 
M15==>L10  1        3  0 3 0 0 0 0 0 0 
M15==>N17 1         0  0 0 0 0 0 0 0 0 
M16==>L10  1        0  0 0 0 0 0 0 0 0 
M16==>L2  1  1    1  0  0 0 0 0 0 0 0 0 
M16==>O17 1         2  2 0 0 0 0 0 0 0 
M16==>S20 1         4  4 0 0 0 0 0 0 0 
M18==>O17       1   0  0 0 0 0 0 0 0 0 
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M3==>K5     1     4  0 0 0 0 4 0 0 0 
M3==>L14   1 1 1     3  0 0 3 3 3 0 0 0 
M3==>N17 1 1  1 1   1  13  13 13 0 13 13 0 0 13 
M3==>O17 1 1  1 1   1  8  8 8 0 8 8 0 0 8 
M3==>S20 1 1  1 1   1  3  3 3 0 3 3 0 0 3 
M4==>L14   1 1      0  0 0 0 0 0 0 0 0 
M4==>N17 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
M4==>O17 1 1  1    1  8  8 8 0 8 0 0 0 8 
M4==>S20 1 1  1    1  2  2 2 0 2 0 0 0 2 
M7==>K5    1      1  0 0 0 1 0 0 0 0 
M7==N17 1 1      1  1  1 1 0 0 0 0 0 1 
M8==>L14        1  1  0 0 0 0 0 0 0 1 
M8==>N17 1 1      1  5  5 5 0 0 0 0 0 5 
M8==>O17 1 1      1  4  4 4 0 0 0 0 0 4 
N17==>A13 1         7  7 0 0 0 0 0 0 0 
N17==>DickeysRd 1         2  2 0 0 0 0 0 0 0 
N17==>I18 1         2  2 0 0 0 0 0 0 0 
N17==>K12 1         0  0 0 0 0 0 0 0 0 
N17==>K13 1         1  1 0 0 0 0 0 0 0 
N17==>K14 1         0  0 0 0 0 0 0 0 0 
N17==>K15 1         1  1 0 0 0 0 0 0 0 
N17==>K5 1 1  1    1  12  12 12 0 12 0 0 0 12 
N17==>K9 1  1       0  0 0 0 0 0 0 0 0 
N17==>L10 1 1      1  2  2 2 0 0 0 0 0 2 
N17==>L12 1 1        0  0 0 0 0 0 0 0 0 
N17==>L13 1         2  2 0 0 0 0 0 0 0 
N17==>L14 1         3  3 0 0 0 0 0 0 0 
N17==>L15 1         0  0 0 0 0 0 0 0 0 
N17==>L2 1 1  1    1  0  0 0 0 0 0 0 0 0 
N17==>L4 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
N17==>L5 1 1  1    1  11  11 11 0 11 0 0 0 11 
N17==>L6 1 1  1    1  6  6 6 0 6 0 0 0 6 
N17==>L7 1 1      1  9  9 9 0 0 0 0 0 9 
N17==>L8 1 1      1  3  3 3 0 0 0 0 0 3 
N17==>L9 1 1      1  1  1 1 0 0 0 0 0 1 
N17==>Lincoln 1         0  0 0 0 0 0 0 0 0 
N17==>M16 1         0  0 0 0 0 0 0 0 0 
N17==>M3 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
N17==>M4 1 1  1      1  1 1 0 1 0 0 0 0 
N17==>N3 1 1  1 1   1  3  3 3 0 3 3 0 0 3 
N17==>N4 1 1  1  1  1  36  36 36 0 36 0 36 0 36 
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N3==>K5     1     4  0 0 0 0 4 0 0 0 
N3==>N17 1 1  1 1   1  14  14 14 0 14 14 0 0 14 
N3==>O17 1 1  1 1   1  3  3 3 0 3 3 0 0 3 
N4==>K5     1     0  0 0 0 0 0 0 0 0 
N4==>L10   1 1  1    0  0 0 0 0 0 0 0 0 
N4==>L14   1   1    1  0 0 1 0 0 1 0 0 
N4==>N17 1 1  1  1  1  2  2 2 0 2 0 2 0 2 
N4==>O17 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
N4==>S20 1 1  1  1  1  37  37 37 0 37 0 37 0 37 
O17==>A13 1         0  0 0 0 0 0 0 0 0 
O17==>C9 1         5  5 0 0 0 0 0 0 0 
O17==>D11 1         1  1 0 0 0 0 0 0 0 
O17==>D5 1         0  0 0 0 0 0 0 0 0 
O17==>J18 1         1  1 0 0 0 0 0 0 0 
O17==>K5 1 1  1    1  0  0 0 0 0 0 0 0 0 
O17==>L10 1 1        1  1 1 0 0 0 0 0 0 
O17==>L13 1         1  1 0 0 0 0 0 0 0 
O17==>L14 1   1      1  1 0 0 1 0 0 0 0 
O17==>L18       1   0  0 0 0 0 0 0 0 0 
O17==>L2 1 1  1    1  0  0 0 0 0 0 0 0 0 
O17==>L6 1 1      1  14  14 14 0 0 0 0 0 14 
O17==>L7 1 1      1  0  0 0 0 0 0 0 0 0 
O17==>L8 1 1      1  1  1 1 0 0 0 0 0 1 
O17==>M16 1         2  2 0 0 0 0 0 0 0 
O17==>M3 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
O17==>N4 1 1  1  1  1  6  6 6 0 6 0 6 0 6 
O4==>N17 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
O4==>O17 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
S20==>C9       1 1  0  0 0 0 0 0 0 0 0 
S20==>F11  1        0  0 0 0 0 0 0 0 0 
S20==>F6 1         3  3 0 0 0 0 0 0 0 
S20==>F7  1        1  0 1 0 0 0 0 0 0 
S20==>G11  1        4  0 4 0 0 0 0 0 0 
S20==>I18  1     1   1  0 1 0 0 0 0 1 0 
S20==>K10 1         1  1 0 0 0 0 0 0 0 
S20==>K11 1         0  0 0 0 0 0 0 0 0 
S20==>K12 1         1  1 0 0 0 0 0 0 0 
S20==>K13 1         0  0 0 0 0 0 0 0 0 
S20==>K14  1        0  0 0 0 0 0 0 0 0 
S20==>K18  1     1   6  0 6 0 0 0 0 6 0 
S20==>K4 1 1  1    1  1  1 1 0 1 0 0 0 1 
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S20==>K5 1 1  1    1  3  3 3 0 3 0 0 0 3 
S20==>K8 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>Kaiapoi       1   2  0 0 0 0 0 0 2 0 
S20==>L10 1 1        2  2 2 0 0 0 0 0 0 
S20==>L12 1 1        1  1 1 0 0 0 0 0 0 
S20==>L13 1         3  3 0 0 0 0 0 0 0 
S20==>L14 1         1  1 0 0 0 0 0 0 0 
S20==>L18       1   0  0 0 0 0 0 0 0 0 
S20==>L3 1 1  1 1   1  5  5 5 0 5 5 0 0 5 
S20==>L4 1 1  1 1   1  3  3 3 0 3 3 0 0 3 
S20==>L5 1 1  1    1  4  4 4 0 4 0 0 0 4 
S20==>L6 1 1  1    1  25  25 25 0 25 0 0 0 25 
S20==>L7 1 1      1  14  14 14 0 0 0 0 0 14 
S20==>L8 1 1      1  3  3 3 0 0 0 0 0 3 
S20==>L9 1 1        4  4 4 0 0 0 0 0 0 
S20==>Lincoln 1         0  0 0 0 0 0 0 0 0 
S20==>M15 1         15  15 0 0 0 0 0 0 0 
S20==>M16 1         1  1 0 0 0 0 0 0 0 
S20==>M18       1   0  0 0 0 0 0 0 0 0 
S20==>M3 1 1  1 1   1  29  29 29 0 29 29 0 0 29 
S20==>M4 1 1  1    1  5  5 5 0 5 0 0 0 5 
S20==>M7 1 1      1  1  1 1 0 0 0 0 0 1 
S20==>M8 1 1      1  6  6 6 0 0 0 0 0 6 
S20==>N3 1 1  1 1 1  1  16  16 16 0 16 16 16 0 16 
S20==>N4 1 1  1  1  1  6  6 6 0 6 0 6 0 6 
S20==>O4 1 1  1  1  1  1  1 1 0 1 0 1 0 1 
S20==>Rangiora       1   0  0 0 0 0 0 0 0 0 
S20==>Rolleston 1 1  1 1   1  2  2 2 0 2 2 0 0 2 
TOTAL TRIPS           626  525 470 29 370 124 116 65 402 
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Appendix 17: Congestion Workbook (Scenario One, Busy Week) 
 
 Control Point Passed (yes/no)    Trips per Point 
Journey A B C D E F G H  #Trips  A B C D E F G H 
A13==> O17 1         1  1 0 0 0 0 0 0 0 
A13==>S20       1   3  0 0 0 0 0 0 3 0 
C9==>O17 1         1  1 0 0 0 0 0 0 0 
C9==>S20       1   8  0 0 0 0 0 0 8 0 
D11==>S20       1   1  0 0 0 0 0 0 1 0 
D5==>S20       1   1  0 0 0 0 0 0 1 0 
DickeysRd==>S20  1        5  0 5 0 0 0 0 0 0 
F12==>N17 1         0  0 0 0 0 0 0 0 0 
F6==>L6    1      1  0 0 0 1 0 0 0 0 
F6==>N17 1         4  4 0 0 0 0 0 0 0 
F6==>O17 1         3  3 0 0 0 0 0 0 0 
F6==>S20       1   1  0 0 0 0 0 0 1 0 
F7==>O17 1         0  0 0 0 0 0 0 0 0 
G11==>L2    1      0  0 0 0 0 0 0 0 0 
G11==>N17 1         7  7 0 0 0 0 0 0 0 
G11==>S20       1   2  0 0 0 0 0 0 2 0 
G6==>L10   1       0  0 0 0 0 0 0 0 0 
G6==>S20       1   2  0 0 0 0 0 0 2 0 
I18==>L2   1 1      0  0 0 0 0 0 0 0 0 
I18==>O17 1         2  2 0 0 0 0 0 0 0 
I18==>S20       1   1  0 0 0 0 0 0 1 0 
J14==>N17 1         0  0 0 0 0 0 0 0 0 
J17==>L2   1 1      0  0 0 0 0 0 0 0 0 
J17==>S20       1   1  0 0 0 0 0 0 1 0 
J18==>L10   1       0  0 0 0 0 0 0 0 0 
K10==>L6   1 1      0  0 0 0 0 0 0 0 0 
K11==>N17 1         1  1 0 0 0 0 0 0 0 
K12==>O17 1         1  1 0 0 0 0 0 0 0 
K13==>N17 1         1  1 0 0 0 0 0 0 0 
K14==>N17 1         1  1 0 0 0 0 0 0 0 
K15==>L2   1 1      0  0 0 0 0 0 0 0 0 
K15==>N17 1         0  0 0 0 0 0 0 0 0 
K15==>S20       1   2  0 0 0 0 0 0 2 0 
K18==>L2   1 1      0  0 0 0 0 0 0 0 0 
K18==>S20       1   32  0 0 0 0 0 0 32 0 
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K4==>O17 1 1  1    1  0  0 0 0 0 0 0 0 0 
K5==>K15   1 1      1  0 0 1 1 0 0 0 0 
K5==>L12   1 1      0  0 0 0 0 0 0 0 0 
K5==>L13   1 1      2  0 0 2 2 0 0 0 0 
K5==>L14   1 1      1  0 0 1 1 0 0 0 0 
K5==>N17 1 1  1    1  5  5 5 0 5 0 0 0 5 
K5==>O17 1 1 1 1    1  2  2 2 2 2 0 0 0 2 
K5==>S20 1 1  1    1  14  14 14 0 14 0 0 0 14 
K7==>O17 1 1      1  1  1 1 0 0 0 0 0 1 
K8==>L14   1       1  0 0 1 0 0 0 0 0 
K8==>O17 1 1      1  1  1 1 0 0 0 0 0 1 
K9==>O17 1 1 1       0  0 0 0 0 0 0 0 0 
Kaiapoi==>L6    1      1  0 0 0 1 0 0 0 0 
Kaiapoi==>N17 1         1  1 0 0 0 0 0 0 0 
Kaiapoi==>O17 1         2  2 0 0 0 0 0 0 0 
L10==>L2    1      0  0 0 0 0 0 0 0 0 
L10==>L3   1 1 1     0  0 0 0 0 0 0 0 0 
L10==>L5   1 1      2  0 0 2 2 0 0 0 0 
L10==>L6    1      1  0 0 0 1 0 0 0 0 
L10==>M15  1        0  0 0 0 0 0 0 0 0 
L10==>M3    1 1     3  0 0 0 3 3 0 0 0 
L10==>N17 1 1        4  4 4 0 0 0 0 0 0 
L10==>N4    1  1    6  0 0 0 6 0 6 0 0 
L10==>O17 1 1        0  0 0 0 0 0 0 0 0 
L10==>S20 1 1        9  9 9 0 0 0 0 0 0 
L12==>L2   1 1      0  0 0 0 0 0 0 0 0 
L12==>O17 1 1        0  0 0 0 0 0 0 0 0 
L12==>S20 1 1        1  1 1 0 0 0 0 0 0 
L13==>L10   1       0  0 0 0 0 0 0 0 0 
L13==>L2   1 1      0  0 0 0 0 0 0 0 0 
L13==>L9        1  1  0 0 0 0 0 0 0 1 
L13==>N17 1         2  2 0 0 0 0 0 0 0 
L13==>O17 1         2  2 0 0 0 0 0 0 0 
L13==>S20 1         2  2 0 0 0 0 0 0 0 
L14==>L10   1       6  0 0 6 0 0 0 0 0 
L14==>L6    1      3  0 0 0 3 0 0 0 0 
L14==>L8   1       3  0 0 3 0 0 0 0 0 
L14==>M16 1         0  0 0 0 0 0 0 0 0 
L14==>N17 1         5  5 0 0 0 0 0 0 0 
L14==>N4   1 1      0  0 0 0 0 0 0 0 0 
L14==>O17 1         1  1 0 0 0 0 0 0 0 
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L15==>L2   1 1      0  0 0 0 0 0 0 0 0 
L15==>S20 1         1  1 0 0 0 0 0 0 0 
L18==>L2   1 1      0  0 0 0 0 0 0 0 0 
L18==>S20       1   7  0 0 0 0 0 0 7 0 
L2==>G11    1      0  0 0 0 0 0 0 0 0 
L2==>I18   1 1      0  0 0 0 0 0 0 0 0 
L2==>K11   1 1      0  0 0 0 0 0 0 0 0 
L2==>K12    1      0  0 0 0 0 0 0 0 0 
L2==>K13   1 1      0  0 0 0 0 0 0 0 0 
L2==>K14   1 1      0  0 0 0 0 0 0 0 0 
L2==>K18   1 1      0  0 0 0 0 0 0 0 0 
L2==>K8    1      0  0 0 0 0 0 0 0 0 
L2==>K9    1      0  0 0 0 0 0 0 0 0 
L2==>L10   1 1      0  0 0 0 0 0 0 0 0 
L2==>L12   1 1      0  0 0 0 0 0 0 0 0 
L2==>L13   1 1      0  0 0 0 0 0 0 0 0 
L2==>L14   1 1      0  0 0 0 0 0 0 0 0 
L2==>L18   1 1      0  0 0 0 0 0 0 0 0 
L2==>L5     1     0  0 0 0 0 0 0 0 0 
L2==>L6     1     0  0 0 0 0 0 0 0 0 
L2==>L7    1      0  0 0 0 0 0 0 0 0 
L2==>L8    1      0  0 0 0 0 0 0 0 0 
L2==>L9    1      0  0 0 0 0 0 0 0 0 
L2==>M15  1  1    1  0  0 0 0 0 0 0 0 0 
L2==>M16 1 1  1    1  0  0 0 0 0 0 0 0 0 
L2==>M18   1 1   1   0  0 0 0 0 0 0 0 0 
L2==>M8    1      0  0 0 0 0 0 0 0 0 
L2==>N16  1  1    1  0  0 0 0 0 0 0 0 0 
L2==>N17 1 1  1    1  0  0 0 0 0 0 0 0 0 
L2==>N18 1 1  1    1  0  0 0 0 0 0 0 0 0 
L2==>N19   1 1   1   0  0 0 0 0 0 0 0 0 
L2==>O17 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L2==>O18 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L3==>L14  1  1 1   1  2  0 2 0 2 2 0 0 2 
L3==>N17 1 1  1 1   1  3  3 3 0 3 3 0 0 3 
L3==>O17 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
L3==>S20 1 1  1 1   1  12  12 12 0 12 12 0 0 12 
L4==>L12   1 1 1     0  0 0 0 0 0 0 0 0 
L4==>L14   1 1 1     1  0 0 1 1 1 0 0 0 
L4==>N17 1 1  1 1   1  6  6 6 0 6 6 0 0 6 
L4==>O17 1 1  1 1   1  2  2 2 0 2 2 0 0 2 
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L4==>S20 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
L5==>F6     1     1  0 0 0 0 1 0 0 0 
L5==>L10   1 1      1  0 0 1 1 0 0 0 0 
L5==>L14   1 1      0  0 0 0 0 0 0 0 0 
L5==>L2     1     0  0 0 0 0 0 0 0 0 
L5==>L7    1      3  0 0 0 3 0 0 0 0 
L5==>L9    1      1  0 0 0 1 0 0 0 0 
L5==>N17 1 1  1   1   12  12 12 0 12 0 0 12 0 
L5==>N4      1    1  0 0 0 0 0 1 0 0 
L5==>O17 1 1  1   1   38  38 38 0 38 0 0 38 0 
L5==>S20 1 1  1   1   3  3 3 0 3 0 0 3 0 
L6==>L10   1 1      1  0 0 1 1 0 0 0 0 
L6==>L14   1 1 1     3  0 0 3 3 3 0 0 0 
L6==>L2     1     0  0 0 0 0 0 0 0 0 
L6==>L8    1      1  0 0 0 1 0 0 0 0 
L6==>N17 1 1  1    1  4  4 4 0 4 0 0 0 4 
L6==>O17 1 1  1    1  5  5 5 0 5 0 0 0 5 
L6==>O4      1    1  0 0 0 0 0 1 0 0 
L6==>S20 1 1  1    1  10  10 10 0 10 0 0 0 10 
L7==>L14   1     1  1  0 0 1 0 0 0 0 1 
L7==>L2     1     0  0 0 0 0 0 0 0 0 
L7==>N17 1 1      1  12  12 12 0 0 0 0 0 12 
L7==>O17 1 1      1  4  4 4 0 0 0 0 0 4 
L7==>S20 1 1      1  3  3 3 0 0 0 0 0 3 
L8==>L14  1 1       1  0 1 1 0 0 0 0 0 
L8==>L2    1      0  0 0 0 0 0 0 0 0 
L8==>L6    1      1  0 0 0 1 0 0 0 0 
L8==>N17 1 1      1  8  8 8 0 0 0 0 0 8 
L8==>O17 1 1      1  1  1 1 0 0 0 0 0 1 
L8==>S20 1 1      1  4  4 4 0 0 0 0 0 4 
L9==>L14  1      1  6  0 6 0 0 0 0 0 6 
L9==>L2    1      0  0 0 0 0 0 0 0 0 
L9==>N17 1 1      1  3  3 3 0 0 0 0 0 3 
L9==>O17 1 1      1  4  4 4 0 0 0 0 0 4 
L9==>S20 1 1      1  1  1 1 0 0 0 0 0 1 
Lincoln==>S20 1         2  2 0 0 0 0 0 0 0 
M15==>L10  1        2  0 2 0 0 0 0 0 0 
M15==>N17 1         1  1 0 0 0 0 0 0 0 
M16==>L10  1        1  0 1 0 0 0 0 0 0 
M16==>L2  1  1    1  0  0 0 0 0 0 0 0 0 
M16==>O17 1         1  1 0 0 0 0 0 0 0 
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M16==>S20 1         3  3 0 0 0 0 0 0 0 
M18==>O17       1   2  0 0 0 0 0 0 2 0 
M3==>K5     1     2  0 0 0 0 2 0 0 0 
M3==>L14   1 1 1     3  0 0 3 3 3 0 0 0 
M3==>N17 1 1  1 1   1  12  12 12 0 12 12 0 0 12 
M3==>O17 1 1  1 1   1  16  16 16 0 16 16 0 0 16 
M3==>S20 1 1  1 1   1  3  3 3 0 3 3 0 0 3 
M4==>L14   1 1      1  0 0 1 1 0 0 0 0 
M4==>N17 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
M4==>O17 1 1  1    1  6  6 6 0 6 0 0 0 6 
M4==>S20 1 1  1    1  3  3 3 0 3 0 0 0 3 
M7==>K5    1      0  0 0 0 0 0 0 0 0 
M7==N17 1 1      1  0  0 0 0 0 0 0 0 0 
M8==>L14        1  2  0 0 0 0 0 0 0 2 
M8==>N17 1 1      1  9  9 9 0 0 0 0 0 9 
M8==>O17 1 1      1  3  3 3 0 0 0 0 0 3 
N17==>A13 1         2  2 0 0 0 0 0 0 0 
N17==>DickeysRd 1         4  4 0 0 0 0 0 0 0 
N17==>I18 1         0  0 0 0 0 0 0 0 0 
N17==>K12 1         5  5 0 0 0 0 0 0 0 
N17==>K13 1         0  0 0 0 0 0 0 0 0 
N17==>K14 1         1  1 0 0 0 0 0 0 0 
N17==>K15 1         1  1 0 0 0 0 0 0 0 
N17==>K5 1 1  1    1  6  6 6 0 6 0 0 0 6 
N17==>K9 1  1       1  1 0 1 0 0 0 0 0 
N17==>L10 1 1      1  2  2 2 0 0 0 0 0 2 
N17==>L12 1 1        3  3 3 0 0 0 0 0 0 
N17==>L13 1         2  2 0 0 0 0 0 0 0 
N17==>L14 1         7  7 0 0 0 0 0 0 0 
N17==>L15 1         1  1 0 0 0 0 0 0 0 
N17==>L2 1 1  1    1  0  0 0 0 0 0 0 0 0 
N17==>L4 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
N17==>L5 1 1  1    1  1  1 1 0 1 0 0 0 1 
N17==>L6 1 1  1    1  9  9 9 0 9 0 0 0 9 
N17==>L7 1 1      1  8  8 8 0 0 0 0 0 8 
N17==>L8 1 1      1  2  2 2 0 0 0 0 0 2 
N17==>L9 1 1      1  0  0 0 0 0 0 0 0 0 
N17==>Lincoln 1         2  2 0 0 0 0 0 0 0 
N17==>M16 1         3  3 0 0 0 0 0 0 0 
N17==>M3 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
N17==>M4 1 1  1      4  4 4 0 4 0 0 0 0 
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N17==>N3 1 1  1 1   1  6  6 6 0 6 6 0 0 6 
N17==>N4 1 1  1  1  1  38  38 38 0 38 0 38 0 38 
N3==>K5     1     5  0 0 0 0 5 0 0 0 
N3==>N17 1 1  1 1   1  21  21 21 0 21 21 0 0 21 
N3==>O17 1 1  1 1   1  2  2 2 0 2 2 0 0 2 
N4==>K5     1     1  0 0 0 0 1 0 0 0 
N4==>L10   1 1  1    1  0 0 1 1 0 1 0 0 
N4==>L14   1   1    0  0 0 0 0 0 0 0 0 
N4==>N17 1 1  1  1  1  4  4 4 0 4 0 4 0 4 
N4==>O17 1 1  1  1  1  2  2 2 0 2 0 2 0 2 
N4==>S20 1 1  1  1  1  49  49 49 0 49 0 49 0 49 
O17==>A13 1         2  2 0 0 0 0 0 0 0 
O17==>C9 1         4  4 0 0 0 0 0 0 0 
O17==>D11 1         0  0 0 0 0 0 0 0 0 
O17==>D5 1         1  1 0 0 0 0 0 0 0 
O17==>J18 1         0  0 0 0 0 0 0 0 0 
O17==>K5 1 1  1    1  2  2 2 0 2 0 0 0 2 
O17==>L10 1 1        0  0 0 0 0 0 0 0 0 
O17==>L13 1         0  0 0 0 0 0 0 0 0 
O17==>L14 1   1      10  10 0 0 10 0 0 0 0 
O17==>L18       1   4  0 0 0 0 0 0 4 0 
O17==>L2 1 1  1    1  0  0 0 0 0 0 0 0 0 
O17==>L6 1 1      1  6  6 6 0 0 0 0 0 6 
O17==>L7 1 1      1  2  2 2 0 0 0 0 0 2 
O17==>L8 1 1      1  0  0 0 0 0 0 0 0 0 
O17==>M16 1         5  5 0 0 0 0 0 0 0 
O17==>M3 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
O17==>N4 1 1  1  1  1  9  9 9 0 9 0 9 0 9 
O4==>N17 1 1  1  1  1  1  1 1 0 1 0 1 0 1 
O4==>O17 1 1  1  1  1  1  1 1 0 1 0 1 0 1 
S20==>C9       1 1  1  0 0 0 0 0 0 1 1 
S20==>F11  1        1  0 1 0 0 0 0 0 0 
S20==>F6 1         10  10 0 0 0 0 0 0 0 
S20==>F7  1        2  0 2 0 0 0 0 0 0 
S20==>G11  1        10  0 10 0 0 0 0 0 0 
S20==>I18  1     1   1  0 1 0 0 0 0 1 0 
S20==>K10 1         0  0 0 0 0 0 0 0 0 
S20==>K11 1         1  1 0 0 0 0 0 0 0 
S20==>K12 1         1  1 0 0 0 0 0 0 0 
S20==>K13 1         1  1 0 0 0 0 0 0 0 
S20==>K14  1        1  0 1 0 0 0 0 0 0 
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S20==>K18  1     1   56  0 56 0 0 0 0 56 0 
S20==>K4 1 1  1    1  1  1 1 0 1 0 0 0 1 
S20==>K5 1 1  1    1  3  3 3 0 3 0 0 0 3 
S20==>K8 1 1      1  2  2 2 0 0 0 0 0 2 
S20==>Kaiapoi       1   1  0 0 0 0 0 0 1 0 
S20==>L10 1 1        3  3 3 0 0 0 0 0 0 
S20==>L12 1 1        1  1 1 0 0 0 0 0 0 
S20==>L13 1         3  3 0 0 0 0 0 0 0 
S20==>L14 1         3  3 0 0 0 0 0 0 0 
S20==>L18       1   2  0 0 0 0 0 0 2 0 
S20==>L3 1 1  1 1   1  18  18 18 0 18 18 0 0 18 
S20==>L4 1 1  1 1   1  7  7 7 0 7 7 0 0 7 
S20==>L5 1 1  1    1  9  9 9 0 9 0 0 0 9 
S20==>L6 1 1  1    1  23  23 23 0 23 0 0 0 23 
S20==>L7 1 1      1  12  12 12 0 0 0 0 0 12 
S20==>L8 1 1      1  8  8 8 0 0 0 0 0 8 
S20==>L9 1 1        10  10 10 0 0 0 0 0 0 
S20==>Lincoln 1         1  1 0 0 0 0 0 0 0 
S20==>M15 1         5  5 0 0 0 0 0 0 0 
S20==>M16 1         3  3 0 0 0 0 0 0 0 
S20==>M18       1   3  0 0 0 0 0 0 3 0 
S20==>M3 1 1  1 1   1  29  29 29 0 29 29 0 0 29 
S20==>M4 1 1  1    1  5  5 5 0 5 0 0 0 5 
S20==>M7 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>M8 1 1      1  17  17 17 0 0 0 0 0 17 
S20==>N3 1 1  1 1 1  1  26  26 26 0 26 26 26 0 26 
S20==>N4 1 1  1  1  1  14  14 14 0 14 0 14 0 14 
S20==>O4 1 1  1  1  1  2  2 2 0 2 0 2 0 2 
S20==>Rangiora       1   2  0 0 0 0 0 0 2 0 
S20==>Rolleston 1 1  1 1   1  2  2 2 0 2 2 0 0 2 
TOTAL TRIPS           948  721 685 32 503 189 155 186 522 
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Appendix 18: Congestion Analysis (Scenario Two, Average Week) 
 Control Point Passed (yes/no)    Trips per Point 
Journey A B C D E F G H  #Trips  A B C D E F G H 
A13==> O17 1         0  0 0 0 0 0 0 0 0 
A13==>S20       1   0  0 0 0 0 0 0 0 0 
C9==>O17 1         0  0 0 0 0 0 0 0 0 
C9==>S20       1   0  0 0 0 0 0 0 0 0 
D11==>S20       1   0  0 0 0 0 0 0 0 0 
D5==>S20       1   0  0 0 0 0 0 0 0 0 
DickeysRd==>S20  1        0  0 0 0 0 0 0 0 0 
F12==>N17 1         1  1 0 0 0 0 0 0 0 
F6==>L6    1      1  0 0 0 1 0 0 0 0 
F6==>N17 1         0  0 0 0 0 0 0 0 0 
F6==>O17 1         2  2 0 0 0 0 0 0 0 
F6==>S20       1   0  0 0 0 0 0 0 0 0 
F7==>O17 1         2  2 0 0 0 0 0 0 0 
G11==>L2    1      2  0 0 0 2 0 0 0 0 
G11==>N17 1         2  2 0 0 0 0 0 0 0 
G11==>S20       1   0  0 0 0 0 0 0 0 0 
G6==>L10   1       1  0 0 1 0 0 0 0 0 
G6==>S20       1   0  0 0 0 0 0 0 0 0 
I18==>L2   1 1      3  0 0 3 3 0 0 0 0 
I18==>O17 1         0  0 0 0 0 0 0 0 0 
I18==>S20       1   0  0 0 0 0 0 0 0 0 
J14==>N17 1         1  1 0 0 0 0 0 0 0 
J17==>L2   1 1      0  0 0 0 0 0 0 0 0 
J17==>S20       1   0  0 0 0 0 0 0 0 0 
J18==>L10   1       1  0 0 1 0 0 0 0 0 
K10==>L6   1 1      1  0 0 1 1 0 0 0 0 
K11==>N17 1         0  0 0 0 0 0 0 0 0 
K12==>O17 1         0  0 0 0 0 0 0 0 0 
K13==>N17 1         0  0 0 0 0 0 0 0 0 
K14==>N17 1         0  0 0 0 0 0 0 0 0 
K15==>L2   1 1      1  0 0 1 1 0 0 0 0 
K15==>N17 1         1  1 0 0 0 0 0 0 0 
K15==>S20       1   0  0 0 0 0 0 0 0 0 
K18==>L2   1 1      3  0 0 3 3 0 0 0 0 
K18==>S20       1   0  0 0 0 0 0 0 0 0 
K4==>O17 1 1  1    1  2  2 2 0 2 0 0 0 2 
K5==>K15   1 1      0  0 0 0 0 0 0 0 0 
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K5==>L12   1 1      1  0 0 1 1 0 0 0 0 
K5==>L13   1 1      0  0 0 0 0 0 0 0 0 
K5==>L14   1 1      2  0 0 2 2 0 0 0 0 
K5==>N17 1 1  1    1  0  0 0 0 0 0 0 0 0 
K5==>O17 1 1 1 1    1  0  0 0 0 0 0 0 0 0 
K5==>S20 1 1  1    1  0  0 0 0 0 0 0 0 0 
K7==>O17 1 1      1  1  1 1 0 0 0 0 0 1 
K8==>L14   1       0  0 0 0 0 0 0 0 0 
K8==>O17 1 1      1  0  0 0 0 0 0 0 0 0 
K9==>O17 1 1 1       1  1 1 1 0 0 0 0 0 
Kaiapoi==>L6    1      0  0 0 0 0 0 0 0 0 
Kaiapoi==>N17 1         1  1 0 0 0 0 0 0 0 
Kaiapoi==>O17 1         1  1 0 0 0 0 0 0 0 
L10==>L2    1      7  0 0 0 7 0 0 0 0 
L10==>L3   1 1 1     2  0 0 2 2 2 0 0 0 
L10==>L5   1 1      2  0 0 2 2 0 0 0 0 
L10==>L6    1      0  0 0 0 0 0 0 0 0 
L10==>M15  1        2  0 2 0 0 0 0 0 0 
L10==>M3    1 1     0  0 0 0 0 0 0 0 0 
L10==>N17 1 1        0  0 0 0 0 0 0 0 0 
L10==>N4    1  1    11  0 0 0 11 0 11 0 0 
L10==>O17 1 1        1  1 1 0 0 0 0 0 0 
L10==>S20 1 1        0  0 0 0 0 0 0 0 0 
L12==>L2   1 1      0  0 0 0 0 0 0 0 0 
L12==>O17 1 1        1  1 1 0 0 0 0 0 0 
L12==>S20 1 1        0  0 0 0 0 0 0 0 0 
L13==>L10   1       1  0 0 1 0 0 0 0 0 
L13==>L2   1 1      1  0 0 1 1 0 0 0 0 
L13==>L9        1  0  0 0 0 0 0 0 0 0 
L13==>N17 1         0  0 0 0 0 0 0 0 0 
L13==>O17 1         1  1 0 0 0 0 0 0 0 
L13==>S20 1         0  0 0 0 0 0 0 0 0 
L14==>L10   1       1  0 0 1 0 0 0 0 0 
L14==>L6    1      0  0 0 0 0 0 0 0 0 
L14==>L8   1       0  0 0 0 0 0 0 0 0 
L14==>M16 1         1  1 0 0 0 0 0 0 0 
L14==>N17 1         4  4 0 0 0 0 0 0 0 
L14==>N4   1 1      1  0 0 1 1 0 0 0 0 
L14==>O17 1         1  1 0 0 0 0 0 0 0 
L15==>L2   1 1      0  0 0 0 0 0 0 0 0 
L15==>S20 1         0  0 0 0 0 0 0 0 0 
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L18==>L2   1 1      0  0 0 0 0 0 0 0 0 
L18==>S20       1   0  0 0 0 0 0 0 0 0 
L2==>G11    1      4  0 0 0 4 0 0 0 0 
L2==>I18   1 1      1  0 0 1 1 0 0 0 0 
L2==>K11   1 1      0  0 0 0 0 0 0 0 0 
L2==>K12    1      1  0 0 0 1 0 0 0 0 
L2==>K13   1 1      0  0 0 0 0 0 0 0 0 
L2==>K14   1 1      0  0 0 0 0 0 0 0 0 
L2==>K18   1 1      6  0 0 6 6 0 0 0 0 
L2==>K8    1      0  0 0 0 0 0 0 0 0 
L2==>K9    1      0  0 0 0 0 0 0 0 0 
L2==>L10   1 1      3  0 0 3 3 0 0 0 0 
L2==>L12   1 1      1  0 0 1 1 0 0 0 0 
L2==>L13   1 1      3  0 0 3 3 0 0 0 0 
L2==>L14   1 1      1  0 0 1 1 0 0 0 0 
L2==>L18   1 1      0  0 0 0 0 0 0 0 0 
L2==>L5     1     4  0 0 0 0 4 0 0 0 
L2==>L6     1     27  0 0 0 0 27 0 0 0 
L2==>L7    1      14  0 0 0 14 0 0 0 0 
L2==>L8    1      4  0 0 0 4 0 0 0 0 
L2==>L9    1      4  0 0 0 4 0 0 0 0 
L2==>M15  1  1    1  15  0 15 0 15 0 0 0 15 
L2==>M16 1 1  1    1  3  3 3 0 3 0 0 0 3 
L2==>M18   1 1   1   0  0 0 0 0 0 0 0 0 
L2==>M8    1      6  0 0 0 6 0 0 0 0 
L2==>N16  1  1    1  5  0 5 0 5 0 0 0 5 
L2==>N17 1 1  1    1  29  29 29 0 29 0 0 0 29 
L2==>N18 1 1  1    1  0  0 0 0 0 0 0 0 0 
L2==>N19   1 1   1   0  0 0 0 0 0 0 0 0 
L2==>O17 1 1  1 1   1  25  25 25 0 25 25 0 0 25 
L2==>O18 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L3==>L14  1  1 1   1  1  0 1 0 1 1 0 0 1 
L3==>N17 1 1  1 1   1  2  2 2 0 2 2 0 0 2 
L3==>O17 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L3==>S20 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L4==>L12   1 1 1     1  0 0 1 1 1 0 0 0 
L4==>L14   1 1 1     0  0 0 0 0 0 0 0 0 
L4==>N17 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
L4==>O17 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
L4==>S20 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L5==>F6     1     0  0 0 0 0 0 0 0 0 
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L5==>L10   1 1      2  0 0 2 2 0 0 0 0 
L5==>L14   1 1      3  0 0 3 3 0 0 0 0 
L5==>L2     1     3  0 0 0 0 3 0 0 0 
L5==>L7    1      0  0 0 0 0 0 0 0 0 
L5==>L9    1      0  0 0 0 0 0 0 0 0 
L5==>N17 1 1  1   1   15  15 15 0 15 0 0 15 0 
L5==>N4      1    0  0 0 0 0 0 0 0 0 
L5==>O17 1 1  1   1   12  12 12 0 12 0 0 12 0 
L5==>S20 1 1  1   1   0  0 0 0 0 0 0 0 0 
L6==>L10   1 1      1  0 0 1 1 0 0 0 0 
L6==>L14   1 1 1     2  0 0 2 2 2 0 0 0 
L6==>L2     1     8  0 0 0 0 8 0 0 0 
L6==>L8    1      0  0 0 0 0 0 0 0 0 
L6==>N17 1 1  1    1  7  7 7 0 7 0 0 0 7 
L6==>O17 1 1  1    1  3  3 3 0 3 0 0 0 3 
L6==>O4      1    0  0 0 0 0 0 0 0 0 
L6==>S20 1 1  1    1  0  0 0 0 0 0 0 0 0 
L7==>L14   1     1  1  0 0 1 0 0 0 0 1 
L7==>L2     1     1  0 0 0 0 1 0 0 0 
L7==>N17 1 1      1  12  12 12 0 0 0 0 0 12 
L7==>O17 1 1      1  0  0 0 0 0 0 0 0 0 
L7==>S20 1 1      1  0  0 0 0 0 0 0 0 0 
L8==>L14  1 1       1  0 1 1 0 0 0 0 0 
L8==>L2    1      3  0 0 0 3 0 0 0 0 
L8==>L6    1      0  0 0 0 0 0 0 0 0 
L8==>N17 1 1      1  5  5 5 0 0 0 0 0 5 
L8==>O17 1 1      1  1  1 1 0 0 0 0 0 1 
L8==>S20 1 1      1  0  0 0 0 0 0 0 0 0 
L9==>L14  1      1  3  0 3 0 0 0 0 0 3 
L9==>L2    1      1  0 0 0 1 0 0 0 0 
L9==>N17 1 1      1  2  2 2 0 0 0 0 0 2 
L9==>O17 1 1      1  2  2 2 0 0 0 0 0 2 
L9==>S20 1 1      1  0  0 0 0 0 0 0 0 0 
Lincoln==>S20 1         0  0 0 0 0 0 0 0 0 
M15==>L10  1        3  0 3 0 0 0 0 0 0 
M15==>N17 1         0  0 0 0 0 0 0 0 0 
M16==>L10  1        0  0 0 0 0 0 0 0 0 
M16==>L2  1  1    1  4  0 4 0 4 0 0 0 4 
M16==>O17 1         2  2 0 0 0 0 0 0 0 
M16==>S20 1         0  0 0 0 0 0 0 0 0 
M18==>O17       1   0  0 0 0 0 0 0 0 0 
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M3==>K5     1     4  0 0 0 0 4 0 0 0 
M3==>L14   1 1 1     3  0 0 3 3 3 0 0 0 
M3==>N17 1 1  1 1   1  13  13 13 0 13 13 0 0 13 
M3==>O17 1 1  1 1   1  8  8 8 0 8 8 0 0 8 
M3==>S20 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
M4==>L14   1 1      0  0 0 0 0 0 0 0 0 
M4==>N17 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
M4==>O17 1 1  1    1  6  6 6 0 6 0 0 0 6 
M4==>S20 1 1  1    1  0  0 0 0 0 0 0 0 0 
M7==>K5    1      1  0 0 0 1 0 0 0 0 
M7==N17 1 1      1  1  1 1 0 0 0 0 0 1 
M8==>L14        1  1  0 0 0 0 0 0 0 1 
M8==>N17 1 1      1  5  5 5 0 0 0 0 0 5 
M8==>O17 1 1      1  4  4 4 0 0 0 0 0 4 
N17==>A13 1         7  7 0 0 0 0 0 0 0 
N17==>DickeysRd 1         2  2 0 0 0 0 0 0 0 
N17==>I18 1         2  2 0 0 0 0 0 0 0 
N17==>K12 1         0  0 0 0 0 0 0 0 0 
N17==>K13 1         1  1 0 0 0 0 0 0 0 
N17==>K14 1         0  0 0 0 0 0 0 0 0 
N17==>K15 1         1  1 0 0 0 0 0 0 0 
N17==>K5 1 1  1    1  12  12 12 0 12 0 0 0 12 
N17==>K9 1  1       0  0 0 0 0 0 0 0 0 
N17==>L10 1 1      1  2  2 2 0 0 0 0 0 2 
N17==>L12 1 1        0  0 0 0 0 0 0 0 0 
N17==>L13 1         2  2 0 0 0 0 0 0 0 
N17==>L14 1         3  3 0 0 0 0 0 0 0 
N17==>L15 1         0  0 0 0 0 0 0 0 0 
N17==>L2 1 1  1    1  70  70 70 0 70 0 0 0 70 
N17==>L4 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
N17==>L5 1 1  1    1  11  11 11 0 11 0 0 0 11 
N17==>L6 1 1  1    1  6  6 6 0 6 0 0 0 6 
N17==>L7 1 1      1  9  9 9 0 0 0 0 0 9 
N17==>L8 1 1      1  3  3 3 0 0 0 0 0 3 
N17==>L9 1 1      1  1  1 1 0 0 0 0 0 1 
N17==>Lincoln 1         0  0 0 0 0 0 0 0 0 
N17==>M16 1         0  0 0 0 0 0 0 0 0 
N17==>M3 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
N17==>M4 1 1  1      1  1 1 0 1 0 0 0 0 
N17==>N3 1 1  1 1   1  3  3 3 0 3 3 0 0 3 
N17==>N4 1 1  1  1  1  36  36 36 0 36 0 36 0 36 
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N3==>K5     1     4  0 0 0 0 4 0 0 0 
N3==>N17 1 1  1 1   1  14  14 14 0 14 14 0 0 14 
N3==>O17 1 1  1 1   1  3  3 3 0 3 3 0 0 3 
N4==>K5     1     0  0 0 0 0 0 0 0 0 
N4==>L10   1 1  1    0  0 0 0 0 0 0 0 0 
N4==>L14   1   1    1  0 0 1 0 0 1 0 0 
N4==>N17 1 1  1  1  1  2  2 2 0 2 0 2 0 2 
N4==>O17 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
N4==>S20 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
O17==>A13 1         0  0 0 0 0 0 0 0 0 
O17==>C9 1         5  5 0 0 0 0 0 0 0 
O17==>D11 1         1  1 0 0 0 0 0 0 0 
O17==>D5 1         0  0 0 0 0 0 0 0 0 
O17==>J18 1         1  1 0 0 0 0 0 0 0 
O17==>K5 1 1  1    1  0  0 0 0 0 0 0 0 0 
O17==>L10 1 1        0  0 0 0 0 0 0 0 0 
O17==>L13 1         1  1 0 0 0 0 0 0 0 
O17==>L14 1   1      1  1 0 0 1 0 0 0 0 
O17==>L18       1   0  0 0 0 0 0 0 0 0 
O17==>L2 1 1  1    1  11  11 11 0 11 0 0 0 11 
O17==>L6 1 1      1  12  12 12 0 0 0 0 0 12 
O17==>L7 1 1      1  0  0 0 0 0 0 0 0 0 
O17==>L8 1 1      1  0  0 0 0 0 0 0 0 0 
O17==>M16 1         0  0 0 0 0 0 0 0 0 
O17==>M3 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
O17==>N4 1 1  1  1  1  6  6 6 0 6 0 6 0 6 
O4==>N17 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
O4==>O17 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
S20==>C9       1 1  0  0 0 0 0 0 0 0 0 
S20==>F11  1        0  0 0 0 0 0 0 0 0 
S20==>F6 1         0  0 0 0 0 0 0 0 0 
S20==>F7  1        0  0 0 0 0 0 0 0 0 
S20==>G11  1        0  0 0 0 0 0 0 0 0 
S20==>I18  1     1   0  0 0 0 0 0 0 0 0 
S20==>K10 1         0  0 0 0 0 0 0 0 0 
S20==>K11 1         0  0 0 0 0 0 0 0 0 
S20==>K12 1         0  0 0 0 0 0 0 0 0 
S20==>K13 1         0  0 0 0 0 0 0 0 0 
S20==>K14  1        0  0 0 0 0 0 0 0 0 
S20==>K18  1     1   0  0 0 0 0 0 0 0 0 
S20==>K4 1 1  1    1  0  0 0 0 0 0 0 0 0 
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S20==>K5 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>K8 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>Kaiapoi       1   0  0 0 0 0 0 0 0 0 
S20==>L10 1 1        0  0 0 0 0 0 0 0 0 
S20==>L12 1 1        0  0 0 0 0 0 0 0 0 
S20==>L13 1         0  0 0 0 0 0 0 0 0 
S20==>L14 1         0  0 0 0 0 0 0 0 0 
S20==>L18       1   0  0 0 0 0 0 0 0 0 
S20==>L3 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
S20==>L4 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
S20==>L5 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>L6 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>L7 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>L8 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>L9 1 1        0  0 0 0 0 0 0 0 0 
S20==>Lincoln 1         0  0 0 0 0 0 0 0 0 
S20==>M15 1         0  0 0 0 0 0 0 0 0 
S20==>M16 1         0  0 0 0 0 0 0 0 0 
S20==>M18       1   0  0 0 0 0 0 0 0 0 
S20==>M3 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
S20==>M4 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>M8 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>N17 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>N3 1 1  1 1 1  1  0  0 0 0 0 0 0 0 0 
S20==>N4 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
S20==>O4 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
S20==>Rangiora       1   0  0 0 0 0 0 0 0 0 
S20==>Rolleston 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L2==>M7    1      1  0 0 0 1 0 0 0 0 
TOTAL TRIPS           611  415 402 52 435 133 56 27 367 
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Appendix 19: Congestion Analysis (Scenario Two, Busy Week) 
 Control Point Passed (yes/no)    Trips per Point 
Journey A B C D E F G H  #Trips  A B C D E F G H 
A13==> O17 1         1  1 0 0 0 0 0 0 0 
A13==>S20       1   0  0 0 0 0 0 0 0 0 
C9==>O17 1         1  1 0 0 0 0 0 0 0 
C9==>S20       1   0  0 0 0 0 0 0 0 0 
D11==>S20       1   0  0 0 0 0 0 0 0 0 
D5==>S20       1   0  0 0 0 0 0 0 0 0 
DickeysRd==>S20  1        0  0 0 0 0 0 0 0 0 
F12==>N17 1         0  0 0 0 0 0 0 0 0 
F6==>L6    1      1  0 0 0 1 0 0 0 0 
F6==>N17 1         4  4 0 0 0 0 0 0 0 
F6==>O17 1         3  3 0 0 0 0 0 0 0 
F6==>S20       1   0  0 0 0 0 0 0 0 0 
F7==>O17 1         0  0 0 0 0 0 0 0 0 
G11==>L2    1      2  0 0 0 2 0 0 0 0 
G11==>N17 1         7  7 0 0 0 0 0 0 0 
G11==>S20       1   0  0 0 0 0 0 0 0 0 
G6==>L10   1       0  0 0 0 0 0 0 0 0 
G6==>S20       1   0  0 0 0 0 0 0 0 0 
I18==>L2   1 1      1  0 0 1 1 0 0 0 0 
I18==>O17 1         2  2 0 0 0 0 0 0 0 
I18==>S20       1   0  0 0 0 0 0 0 0 0 
J14==>N17 1         0  0 0 0 0 0 0 0 0 
J17==>L2   1 1      1  0 0 1 1 0 0 0 0 
J17==>S20       1   0  0 0 0 0 0 0 0 0 
J18==>L10   1       0  0 0 0 0 0 0 0 0 
K10==>L6   1 1      0  0 0 0 0 0 0 0 0 
K11==>N17 1         1  1 0 0 0 0 0 0 0 
K12==>O17 1         1  1 0 0 0 0 0 0 0 
K13==>N17 1         1  1 0 0 0 0 0 0 0 
K14==>N17 1         1  1 0 0 0 0 0 0 0 
K15==>L2   1 1      2  0 0 2 2 0 0 0 0 
K15==>N17 1         0  0 0 0 0 0 0 0 0 
K15==>S20       1   0  0 0 0 0 0 0 0 0 
K18==>L2   1 1      32  0 0 32 32 0 0 0 0 
K18==>S20       1   0  0 0 0 0 0 0 0 0 
K4==>O17 1 1  1    1  0  0 0 0 0 0 0 0 0 
K5==>K15   1 1      1  0 0 1 1 0 0 0 0 
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K5==>L12   1 1      0  0 0 0 0 0 0 0 0 
K5==>L13   1 1      2  0 0 2 2 0 0 0 0 
K5==>L14   1 1      1  0 0 1 1 0 0 0 0 
K5==>N17 1 1  1    1  5  5 5 0 5 0 0 0 5 
K5==>O17 1 1 1 1    1  2  2 2 2 2 0 0 0 2 
K5==>S20 1 1  1    1  0  0 0 0 0 0 0 0 0 
K7==>O17 1 1      1  1  1 1 0 0 0 0 0 1 
K8==>L14   1       1  0 0 1 0 0 0 0 0 
K8==>O17 1 1      1  1  1 1 0 0 0 0 0 1 
K9==>O17 1 1 1       0  0 0 0 0 0 0 0 0 
Kaiapoi==>L6    1      1  0 0 0 1 0 0 0 0 
Kaiapoi==>N17 1         1  1 0 0 0 0 0 0 0 
Kaiapoi==>O17 1         2  2 0 0 0 0 0 0 0 
L10==>L2    1      9  0 0 0 9 0 0 0 0 
L10==>L3   1 1 1     0  0 0 0 0 0 0 0 0 
L10==>L5   1 1      2  0 0 2 2 0 0 0 0 
L10==>L6    1      1  0 0 0 1 0 0 0 0 
L10==>M15  1        0  0 0 0 0 0 0 0 0 
L10==>M3    1 1     3  0 0 0 3 3 0 0 0 
L10==>N17 1 1        4  4 4 0 0 0 0 0 0 
L10==>N4    1  1    6  0 0 0 6 0 6 0 0 
L10==>O17 1 1        0  0 0 0 0 0 0 0 0 
L10==>S20 1 1        0  0 0 0 0 0 0 0 0 
L12==>L2   1 1      1  0 0 1 1 0 0 0 0 
L12==>O17 1 1        0  0 0 0 0 0 0 0 0 
L12==>S20 1 1        0  0 0 0 0 0 0 0 0 
L13==>L10   1       0  0 0 0 0 0 0 0 0 
L13==>L2   1 1      3  0 0 3 3 0 0 0 0 
L13==>L9        1  1  0 0 0 0 0 0 0 1 
L13==>N17 1         2  2 0 0 0 0 0 0 0 
L13==>O17 1         1  1 0 0 0 0 0 0 0 
L13==>S20 1         0  0 0 0 0 0 0 0 0 
L14==>L10   1       6  0 0 6 0 0 0 0 0 
L14==>L6    1      3  0 0 0 3 0 0 0 0 
L14==>L8   1       3  0 0 3 0 0 0 0 0 
L14==>M16 1         0  0 0 0 0 0 0 0 0 
L14==>N17 1         5  5 0 0 0 0 0 0 0 
L14==>N4   1 1      0  0 0 0 0 0 0 0 0 
L14==>O17 1         1  1 0 0 0 0 0 0 0 
L15==>L2   1 1      1  0 0 1 1 0 0 0 0 
L15==>S20 1         0  0 0 0 0 0 0 0 0 
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L18==>L2   1 1      7  0 0 7 7 0 0 0 0 
L18==>S20       1   0  0 0 0 0 0 0 0 0 
L2==>G11    1      10  0 0 0 10 0 0 0 0 
L2==>I18   1 1      1  0 0 1 1 0 0 0 0 
L2==>K11   1 1      1  0 0 1 1 0 0 0 0 
L2==>K12    1      1  0 0 0 1 0 0 0 0 
L2==>K13   1 1      1  0 0 1 1 0 0 0 0 
L2==>K14   1 1      1  0 0 1 1 0 0 0 0 
L2==>K18   1 1      57  0 0 57 57 0 0 0 0 
L2==>K8    1      2  0 0 0 2 0 0 0 0 
L2==>K9    1      0  0 0 0 0 0 0 0 0 
L2==>L10   1 1      3  0 0 3 3 0 0 0 0 
L2==>L12   1 1      1  0 0 1 1 0 0 0 0 
L2==>L13   1 1      3  0 0 3 3 0 0 0 0 
L2==>L14   1 1      3  0 0 3 3 0 0 0 0 
L2==>L18   1 1      2  0 0 2 2 0 0 0 0 
L2==>L5     1     9  0 0 0 0 9 0 0 0 
L2==>L6     1     25  0 0 0 0 25 0 0 0 
L2==>L7    1      12  0 0 0 12 0 0 0 0 
L2==>L8    1      8  0 0 0 8 0 0 0 0 
L2==>L9    1      10  0 0 0 10 0 0 0 0 
L2==>M15  1  1    1  5  0 5 0 5 0 0 0 5 
L2==>M16 1 1  1    1  4  4 4 0 4 0 0 0 4 
L2==>M18   1 1   1   3  0 0 3 3 0 0 3 0 
L2==>M8    1      17  0 0 0 17 0 0 0 0 
L2==>N16  1  1    1  10  0 10 0 10 0 0 0 10 
L2==>N17 1 1  1    1  34  34 34 0 34 0 0 0 34 
L2==>N18 1 1  1    1  1  1 1 0 1 0 0 0 1 
L2==>N19   1 1   1   1  0 0 1 1 0 0 1 0 
L2==>O17 1 1  1 1   1  65  65 65 0 65 65 0 0 65 
L2==>O18 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
L3==>L14  1  1 1   1  2  0 2 0 2 2 0 0 2 
L3==>N17 1 1  1 1   1  3  3 3 0 3 3 0 0 3 
L3==>O17 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L3==>S20 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L4==>L12   1 1 1     0  0 0 0 0 0 0 0 0 
L4==>L14   1 1 1     1  0 0 1 1 1 0 0 0 
L4==>N17 1 1  1 1   1  6  6 6 0 6 6 0 0 6 
L4==>O17 1 1  1 1   1  2  2 2 0 2 2 0 0 2 
L4==>S20 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L5==>F6     1     1  0 0 0 0 1 0 0 0 
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L5==>L10   1 1      1  0 0 1 1 0 0 0 0 
L5==>L14   1 1      0  0 0 0 0 0 0 0 0 
L5==>L2     1     3  0 0 0 0 3 0 0 0 
L5==>L7    1      3  0 0 0 3 0 0 0 0 
L5==>L9    1      1  0 0 0 1 0 0 0 0 
L5==>N17 1 1  1   1   12  12 12 0 12 0 0 12 0 
L5==>N4      1    1  0 0 0 0 0 1 0 0 
L5==>O17 1 1  1   1   38  38 38 0 38 0 0 38 0 
L5==>S20 1 1  1   1   0  0 0 0 0 0 0 0 0 
L6==>L10   1 1      1  0 0 1 1 0 0 0 0 
L6==>L14   1 1 1     3  0 0 3 3 3 0 0 0 
L6==>L2     1     10  0 0 0 0 10 0 0 0 
L6==>L8    1      1  0 0 0 1 0 0 0 0 
L6==>N17 1 1  1    1  4  4 4 0 4 0 0 0 4 
L6==>O17 1 1  1    1  5  5 5 0 5 0 0 0 5 
L6==>O4      1    1  0 0 0 0 0 1 0 0 
L6==>S20 1 1  1    1  0  0 0 0 0 0 0 0 0 
L7==>L14   1     1  1  0 0 1 0 0 0 0 1 
L7==>L2     1     6  0 0 0 0 6 0 0 0 
L7==>N17 1 1      1  12  12 12 0 0 0 0 0 12 
L7==>O17 1 1      1  1  1 1 0 0 0 0 0 1 
L7==>S20 1 1      1  0  0 0 0 0 0 0 0 0 
L8==>L14  1 1       1  0 1 1 0 0 0 0 0 
L8==>L2    1      5  0 0 0 5 0 0 0 0 
L8==>L6    1      1  0 0 0 1 0 0 0 0 
L8==>N17 1 1      1  8  8 8 0 0 0 0 0 8 
L8==>O17 1 1      1  0  0 0 0 0 0 0 0 0 
L8==>S20 1 1      1  0  0 0 0 0 0 0 0 0 
L9==>L14  1      1  6  0 6 0 0 0 0 0 6 
L9==>L2    1      2  0 0 0 2 0 0 0 0 
L9==>N17 1 1      1  3  3 3 0 0 0 0 0 3 
L9==>O17 1 1      1  3  3 3 0 0 0 0 0 3 
L9==>S20 1 1      1  0  0 0 0 0 0 0 0 0 
Lincoln==>S20 1         0  0 0 0 0 0 0 0 0 
M15==>L10  1        2  0 2 0 0 0 0 0 0 
M15==>N17 1         1  1 0 0 0 0 0 0 0 
M16==>L10  1        1  0 1 0 0 0 0 0 0 
M16==>L2  1  1    1  3  0 3 0 3 0 0 0 3 
M16==>O17 1         1  1 0 0 0 0 0 0 0 
M16==>S20 1         0  0 0 0 0 0 0 0 0 
M18==>O17       1   2  0 0 0 0 0 0 2 0 
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M3==>K5     1     2  0 0 0 0 2 0 0 0 
M3==>L14   1 1 1     3  0 0 3 3 3 0 0 0 
M3==>N17 1 1  1 1   1  12  12 12 0 12 12 0 0 12 
M3==>O17 1 1  1 1   1  16  16 16 0 16 16 0 0 16 
M3==>S20 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
M4==>L14   1 1      1  0 0 1 1 0 0 0 0 
M4==>N17 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
M4==>O17 1 1  1    1  6  6 6 0 6 0 0 0 6 
M4==>S20 1 1  1    1  0  0 0 0 0 0 0 0 0 
M7==>K5    1      0  0 0 0 0 0 0 0 0 
M7==N17 1 1      1  0  0 0 0 0 0 0 0 0 
M8==>L14        1  2  0 0 0 0 0 0 0 2 
M8==>N17 1 1      1  9  9 9 0 0 0 0 0 9 
M8==>O17 1 1      1  3  3 3 0 0 0 0 0 3 
N17==>A13 1         2  2 0 0 0 0 0 0 0 
N17==>DickeysRd 1         4  4 0 0 0 0 0 0 0 
N17==>I18 1         0  0 0 0 0 0 0 0 0 
N17==>K12 1         5  5 0 0 0 0 0 0 0 
N17==>K13 1         0  0 0 0 0 0 0 0 0 
N17==>K14 1         1  1 0 0 0 0 0 0 0 
N17==>K15 1         1  1 0 0 0 0 0 0 0 
N17==>K5 1 1  1    1  6  6 6 0 6 0 0 0 6 
N17==>K9 1  1       1  1 0 1 0 0 0 0 0 
N17==>L10 1 1      1  2  2 2 0 0 0 0 0 2 
N17==>L12 1 1        3  3 3 0 0 0 0 0 0 
N17==>L13 1         2  2 0 0 0 0 0 0 0 
N17==>L14 1         7  7 0 0 0 0 0 0 0 
N17==>L15 1         1  1 0 0 0 0 0 0 0 
N17==>L2 1 1  1    1  50  50 50 0 50 0 0 0 50 
N17==>L4 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
N17==>L5 1 1  1    1  1  1 1 0 1 0 0 0 1 
N17==>L6 1 1  1    1  9  9 9 0 9 0 0 0 9 
N17==>L7 1 1      1  8  8 8 0 0 0 0 0 8 
N17==>L8 1 1      1  2  2 2 0 0 0 0 0 2 
N17==>L9 1 1      1  0  0 0 0 0 0 0 0 0 
N17==>Lincoln 1         2  2 0 0 0 0 0 0 0 
N17==>M16 1         3  3 0 0 0 0 0 0 0 
N17==>M3 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
N17==>M4 1 1  1      4  4 4 0 4 0 0 0 0 
N17==>N3 1 1  1 1   1  6  6 6 0 6 6 0 0 6 
N17==>N4 1 1  1  1  1  38  38 38 0 38 0 38 0 38 
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N3==>K5     1     5  0 0 0 0 5 0 0 0 
N3==>N17 1 1  1 1   1  21  21 21 0 21 21 0 0 21 
N3==>O17 1 1  1 1   1  2  2 2 0 2 2 0 0 2 
N4==>K5     1     1  0 0 0 0 1 0 0 0 
N4==>L10   1 1  1    1  0 0 1 1 0 1 0 0 
N4==>L14   1   1    0  0 0 0 0 0 0 0 0 
N4==>N17 1 1  1  1  1  4  4 4 0 4 0 4 0 4 
N4==>O17 1 1  1  1  1  2  2 2 0 2 0 2 0 2 
N4==>S20 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
O17==>A13 1         0  0 0 0 0 0 0 0 0 
O17==>C9 1         3  3 0 0 0 0 0 0 0 
O17==>D11 1         0  0 0 0 0 0 0 0 0 
O17==>D5 1         0  0 0 0 0 0 0 0 0 
O17==>J18 1         0  0 0 0 0 0 0 0 0 
O17==>K5 1 1  1    1  2  2 2 0 2 0 0 0 2 
O17==>L10 1 1        0  0 0 0 0 0 0 0 0 
O17==>L13 1         0  0 0 0 0 0 0 0 0 
O17==>L14 1   1      10  10 0 0 10 0 0 0 0 
O17==>L18       1   4  0 0 0 0 0 0 4 0 
O17==>L2 1 1  1    1  16  16 16 0 16 0 0 0 16 
O17==>L6 1 1      1  4  4 4 0 0 0 0 0 4 
O17==>L7 1 1      1  2  2 2 0 0 0 0 0 2 
O17==>L8 1 1      1  0  0 0 0 0 0 0 0 0 
O17==>M16 1         4  4 0 0 0 0 0 0 0 
O17==>M3 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
O17==>N4 1 1  1  1  1  9  9 9 0 9 0 9 0 9 
O4==>N17 1 1  1  1  1  1  1 1 0 1 0 1 0 1 
O4==>O17 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
S20==>C9       1 1  0  0 0 0 0 0 0 0 0 
S20==>F11  1        0  0 0 0 0 0 0 0 0 
S20==>F6 1         0  0 0 0 0 0 0 0 0 
S20==>F7  1        0  0 0 0 0 0 0 0 0 
S20==>G11  1        0  0 0 0 0 0 0 0 0 
S20==>I18  1     1   0  0 0 0 0 0 0 0 0 
S20==>K10 1         0  0 0 0 0 0 0 0 0 
S20==>K11 1         0  0 0 0 0 0 0 0 0 
S20==>K12 1         0  0 0 0 0 0 0 0 0 
S20==>K13 1         0  0 0 0 0 0 0 0 0 
S20==>K14  1        0  0 0 0 0 0 0 0 0 
S20==>K18  1     1   0  0 0 0 0 0 0 0 0 
S20==>K4 1 1  1    1  0  0 0 0 0 0 0 0 0 
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S20==>K5 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>K8 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>Kaiapoi       1   0  0 0 0 0 0 0 0 0 
S20==>L10 1 1        0  0 0 0 0 0 0 0 0 
S20==>L12 1 1        0  0 0 0 0 0 0 0 0 
S20==>L13 1         0  0 0 0 0 0 0 0 0 
S20==>L14 1         0  0 0 0 0 0 0 0 0 
S20==>L18       1   0  0 0 0 0 0 0 0 0 
S20==>L3 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
S20==>L4 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
S20==>L5 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>L6 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>L7 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>L8 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>L9 1 1        0  0 0 0 0 0 0 0 0 
S20==>Lincoln 1         0  0 0 0 0 0 0 0 0 
S20==>M15 1         0  0 0 0 0 0 0 0 0 
S20==>M16 1         0  0 0 0 0 0 0 0 0 
S20==>M18       1   0  0 0 0 0 0 0 0 0 
S20==>M3 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
S20==>M4 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>M7 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>M8 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>N3 1 1  1 1 1  1  0  0 0 0 0 0 0 0 0 
S20==>N4 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
S20==>O4 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
S20==>Rangiora       1   0  0 0 0 0 0 0 0 0 
S20==>Rolleston 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
TOTAL TRIPS           891  536 484 157 659 209 63 60 423 
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Appendix 20: Congestion Analysis (Scenario Three, Average Week) 
 Control Point Passed (yes/no)    Trips per Point 
Journey A B C D E F G H  #Trips  A B C D E F G H 
A13==> O17 1         11  11 0 0 0 0 0 0 0 
A13==>S20       1   0  0 0 0 0 0 0 0 0 
C9==>O17 1         0  0 0 0 0 0 0 0 0 
C9==>S20       1   0  0 0 0 0 0 0 0 0 
D11==>S20       1   0  0 0 0 0 0 0 0 0 
D5==>S20       1   0  0 0 0 0 0 0 0 0 
DickeysRd==>S20  1        0  0 0 0 0 0 0 0 0 
F12==>N17 1         1  1 0 0 0 0 0 0 0 
F6==>L6    1      1  0 0 0 1 0 0 0 0 
F6==>N17 1         0  0 0 0 0 0 0 0 0 
F6==>O17 1         2  2 0 0 0 0 0 0 0 
F6==>S20       1   0  0 0 0 0 0 0 0 0 
F7==>O17 1         2  2 0 0 0 0 0 0 0 
G11==>L2    1      0  0 0 0 0 0 0 0 0 
G11==>N17 1         2  2 0 0 0 0 0 0 0 
G11==>S20       1   0  0 0 0 0 0 0 0 0 
G6==>L10   1       1  0 0 1 0 0 0 0 0 
G6==>S20       1   0  0 0 0 0 0 0 0 0 
I18==>L2   1 1      0  0 0 0 0 0 0 0 0 
I18==>O17 1         3  3 0 0 0 0 0 0 0 
I18==>S20       1   0  0 0 0 0 0 0 0 0 
J14==>N17 1         1  1 0 0 0 0 0 0 0 
J17==>L2   1 1      0  0 0 0 0 0 0 0 0 
J17==>S20       1   0  0 0 0 0 0 0 0 0 
J18==>L10   1       1  0 0 1 0 0 0 0 0 
K10==>L6   1 1      1  0 0 1 1 0 0 0 0 
K11==>N17 1         0  0 0 0 0 0 0 0 0 
K12==>O17 1         0  0 0 0 0 0 0 0 0 
K13==>N17 1         0  0 0 0 0 0 0 0 0 
K14==>N17 1         0  0 0 0 0 0 0 0 0 
K15==>L2   1 1      0  0 0 0 0 0 0 0 0 
K15==>N17 1         1  1 0 0 0 0 0 0 0 
K15==>S20       1   0  0 0 0 0 0 0 0 0 
K18==>L2   1 1      0  0 0 0 0 0 0 0 0 
K18==>S20       1   0  0 0 0 0 0 0 0 0 
K4==>O17 1 1  1    1  2  2 2 0 2 0 0 0 2 
K5==>K15   1 1      0  0 0 0 0 0 0 0 0 
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K5==>L12   1 1      1  0 0 1 1 0 0 0 0 
K5==>L13   1 1      0  0 0 0 0 0 0 0 0 
K5==>L14   1 1      2  0 0 2 2 0 0 0 0 
K5==>N17 1 1  1    1  0  0 0 0 0 0 0 0 0 
K5==>O17 1 1 1 1    1  0  0 0 0 0 0 0 0 0 
K5==>S20 1 1  1    1  0  0 0 0 0 0 0 0 0 
K7==>O17 1 1      1  1  1 1 0 0 0 0 0 1 
K8==>L14   1       0  0 0 0 0 0 0 0 0 
K8==>O17 1 1      1  0  0 0 0 0 0 0 0 0 
K9==>O17 1 1 1       1  1 1 1 0 0 0 0 0 
Kaiapoi==>L6    1      0  0 0 0 0 0 0 0 0 
Kaiapoi==>N17 1         1  1 0 0 0 0 0 0 0 
Kaiapoi==>O17 1         1  1 0 0 0 0 0 0 0 
L10==>L2    1      7  0 0 0 7 0 0 0 0 
L10==>L3   1 1 1     2  0 0 2 2 2 0 0 0 
L10==>L5   1 1      2  0 0 2 2 0 0 0 0 
L10==>L6    1      0  0 0 0 0 0 0 0 0 
L10==>M15  1        2  0 2 0 0 0 0 0 0 
L10==>M3    1 1     0  0 0 0 0 0 0 0 0 
L10==>N17 1 1        0  0 0 0 0 0 0 0 0 
L10==>N4    1  1    11  0 0 0 11 0 11 0 0 
L10==>O17 1 1        1  1 1 0 0 0 0 0 0 
L10==>S20 1 1        0  0 0 0 0 0 0 0 0 
L12==>L2   1 1      0  0 0 0 0 0 0 0 0 
L12==>O17 1 1        1  1 1 0 0 0 0 0 0 
L12==>S20 1 1        0  0 0 0 0 0 0 0 0 
L13==>L10   1       1  0 0 1 0 0 0 0 0 
L13==>L2   1 1      0  0 0 0 0 0 0 0 0 
L13==>L9        1  0  0 0 0 0 0 0 0 0 
L13==>N17 1         0  0 0 0 0 0 0 0 0 
L13==>O17 1         2  2 0 0 0 0 0 0 0 
L13==>S20 1         0  0 0 0 0 0 0 0 0 
L14==>L10   1       1  0 0 1 0 0 0 0 0 
L14==>L6    1      0  0 0 0 0 0 0 0 0 
L14==>L8   1       0  0 0 0 0 0 0 0 0 
L14==>M16 1         1  1 0 0 0 0 0 0 0 
L14==>N17 1         4  4 0 0 0 0 0 0 0 
L14==>N4   1 1      1  0 0 1 1 0 0 0 0 
L14==>O17 1         1  1 0 0 0 0 0 0 0 
L15==>L2   1 1      0  0 0 0 0 0 0 0 0 
L15==>S20 1         0  0 0 0 0 0 0 0 0 
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L18==>L2   1 1      0  0 0 0 0 0 0 0 0 
L18==>S20       1   0  0 0 0 0 0 0 0 0 
L2==>G11    1      0  0 0 0 0 0 0 0 0 
L2==>I18   1 1      0  0 0 0 0 0 0 0 0 
L2==>K11   1 1      0  0 0 0 0 0 0 0 0 
L2==>K12    1      0  0 0 0 0 0 0 0 0 
L2==>K13   1 1      0  0 0 0 0 0 0 0 0 
L2==>K14   1 1      0  0 0 0 0 0 0 0 0 
L2==>K18   1 1      0  0 0 0 0 0 0 0 0 
L2==>K8    1      0  0 0 0 0 0 0 0 0 
L2==>K9    1      0  0 0 0 0 0 0 0 0 
L2==>L10   1 1      2  0 0 2 2 0 0 0 0 
L2==>L12   1 1      0  0 0 0 0 0 0 0 0 
L2==>L13   1 1      0  0 0 0 0 0 0 0 0 
L2==>L14   1 1      0  0 0 0 0 0 0 0 0 
L2==>L18   1 1      0  0 0 0 0 0 0 0 0 
L2==>L5     1     4  0 0 0 0 4 0 0 0 
L2==>L6     1     25  0 0 0 0 25 0 0 0 
L2==>L7    1      14  0 0 0 14 0 0 0 0 
L2==>L8    1      3  0 0 0 3 0 0 0 0 
L2==>L9    1      4  0 0 0 4 0 0 0 0 
L2==>M15  1  1    1  0  0 0 0 0 0 0 0 0 
L2==>M16 1 1  1    1  0  0 0 0 0 0 0 0 0 
L2==>M18   1 1   1   0  0 0 0 0 0 0 0 0 
L2==>M8    1      6  0 0 0 6 0 0 0 0 
L2==>N16  1  1    1  0  0 0 0 0 0 0 0 0 
L2==>N17 1 1  1    1  1  1 1 0 1 0 0 0 1 
L2==>N18 1 1  1    1  0  0 0 0 0 0 0 0 0 
L2==>N19   1 1   1   0  0 0 0 0 0 0 0 0 
L2==>O17 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L2==>O18 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L3==>L14  1  1 1   1  1  0 1 0 1 1 0 0 1 
L3==>N17 1 1  1 1   1  2  2 2 0 2 2 0 0 2 
L3==>O17 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L3==>S20 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L4==>L12   1 1 1     1  0 0 1 1 1 0 0 0 
L4==>L14   1 1 1     0  0 0 0 0 0 0 0 0 
L4==>N17 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
L4==>O17 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
L4==>S20 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L5==>F6     1     0  0 0 0 0 0 0 0 0 
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L5==>L10   1 1      2  0 0 2 2 0 0 0 0 
L5==>L14   1 1      3  0 0 3 3 0 0 0 0 
L5==>L2     1     3  0 0 0 0 3 0 0 0 
L5==>L7    1      0  0 0 0 0 0 0 0 0 
L5==>L9    1      0  0 0 0 0 0 0 0 0 
L5==>N17 1 1  1   1   15  15 15 0 15 0 0 15 0 
L5==>N4      1    0  0 0 0 0 0 0 0 0 
L5==>O17 1 1  1   1   12  12 12 0 12 0 0 12 0 
L5==>S20 1 1  1   1   0  0 0 0 0 0 0 0 0 
L6==>L10   1 1      1  0 0 1 1 0 0 0 0 
L6==>L14   1 1 1     2  0 0 2 2 2 0 0 0 
L6==>L2     1     7  0 0 0 0 7 0 0 0 
L6==>L8    1      0  0 0 0 0 0 0 0 0 
L6==>N17 1 1  1    1  7  7 7 0 7 0 0 0 7 
L6==>O17 1 1  1    1  4  4 4 0 4 0 0 0 4 
L6==>O4      1    0  0 0 0 0 0 0 0 0 
L6==>S20 1 1  1    1  0  0 0 0 0 0 0 0 0 
L7==>L14   1     1  1  0 0 1 0 0 0 0 1 
L7==>L2     1     1  0 0 0 0 1 0 0 0 
L7==>N17 1 1      1  12  12 12 0 0 0 0 0 12 
L7==>O17 1 1      1  0  0 0 0 0 0 0 0 0 
L7==>S20 1 1      1  0  0 0 0 0 0 0 0 0 
L8==>L14  1 1       1  0 1 1 0 0 0 0 0 
L8==>L2    1      1  0 0 0 1 0 0 0 0 
L8==>L6    1      0  0 0 0 0 0 0 0 0 
L8==>N17 1 1      1  5  5 5 0 0 0 0 0 5 
L8==>O17 1 1      1  3  3 3 0 0 0 0 0 3 
L8==>S20 1 1      1  0  0 0 0 0 0 0 0 0 
L9==>L14  1      1  3  0 3 0 0 0 0 0 3 
L9==>L2    1      1  0 0 0 1 0 0 0 0 
L9==>N17 1 1      1  2  2 2 0 0 0 0 0 2 
L9==>O17 1 1      1  3  3 3 0 0 0 0 0 3 
L9==>S20 1 1      1  0  0 0 0 0 0 0 0 0 
Lincoln==>S20 1         0  0 0 0 0 0 0 0 0 
M15==>L10  1        3  0 3 0 0 0 0 0 0 
M15==>N17 1         0  0 0 0 0 0 0 0 0 
M16==>L10  1        0  0 0 0 0 0 0 0 0 
M16==>L2  1  1    1  0  0 0 0 0 0 0 0 0 
M16==>O17 1         6  6 0 0 0 0 0 0 0 
M16==>S20 1         0  0 0 0 0 0 0 0 0 
M18==>O17       1   0  0 0 0 0 0 0 0 0 
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M3==>K5     1     4  0 0 0 0 4 0 0 0 
M3==>L14   1 1 1     3  0 0 3 3 3 0 0 0 
M3==>N17 1 1  1 1   1  13  13 13 0 13 13 0 0 13 
M3==>O17 1 1  1 1   1  8  8 8 0 8 8 0 0 8 
M3==>S20 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
M4==>L14   1 1      0  0 0 0 0 0 0 0 0 
M4==>N17 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
M4==>O17 1 1  1    1  8  8 8 0 8 0 0 0 8 
M4==>S20 1 1  1    1  0  0 0 0 0 0 0 0 0 
M7==>K5    1      1  0 0 0 1 0 0 0 0 
M7==N17 1 1      1  1  1 1 0 0 0 0 0 1 
M8==>L14        1  1  0 0 0 0 0 0 0 1 
M8==>N17 1 1      1  5  5 5 0 0 0 0 0 5 
M8==>O17 1 1      1  4  4 4 0 0 0 0 0 4 
N17==>A13 1         7  7 0 0 0 0 0 0 0 
N17==>DickeysRd 1         2  2 0 0 0 0 0 0 0 
N17==>I18 1         2  2 0 0 0 0 0 0 0 
N17==>K12 1         0  0 0 0 0 0 0 0 0 
N17==>K13 1         1  1 0 0 0 0 0 0 0 
N17==>K14 1         0  0 0 0 0 0 0 0 0 
N17==>K15 1         1  1 0 0 0 0 0 0 0 
N17==>K5 1 1  1    1  12  12 12 0 12 0 0 0 12 
N17==>K9 1  1       0  0 0 0 0 0 0 0 0 
N17==>L10 1 1      1  2  2 2 0 0 0 0 0 2 
N17==>L12 1 1        0  0 0 0 0 0 0 0 0 
N17==>L13 1         2  2 0 0 0 0 0 0 0 
N17==>L14 1         3  3 0 0 0 0 0 0 0 
N17==>L15 1         0  0 0 0 0 0 0 0 0 
N17==>L2 1 1  1    1  0  0 0 0 0 0 0 0 0 
N17==>L4 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
N17==>L5 1 1  1    1  11  11 11 0 11 0 0 0 11 
N17==>L6 1 1  1    1  6  6 6 0 6 0 0 0 6 
N17==>L7 1 1      1  9  9 9 0 0 0 0 0 9 
N17==>L8 1 1      1  3  3 3 0 0 0 0 0 3 
N17==>L9 1 1      1  1  1 1 0 0 0 0 0 1 
N17==>Lincoln 1         0  0 0 0 0 0 0 0 0 
N17==>M16 1         0  0 0 0 0 0 0 0 0 
N17==>M3 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
N17==>M4 1 1  1      1  1 1 0 1 0 0 0 0 
N17==>N3 1 1  1 1   1  3  3 3 0 3 3 0 0 3 
N17==>N4 1 1  1  1  1  36  36 36 0 36 0 36 0 36 
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N3==>K5     1     4  0 0 0 0 4 0 0 0 
N3==>N17 1 1  1 1   1  14  14 14 0 14 14 0 0 14 
N3==>O17 1 1  1 1   1  3  3 3 0 3 3 0 0 3 
N4==>K5     1     0  0 0 0 0 0 0 0 0 
N4==>L10   1 1  1    0  0 0 0 0 0 0 0 0 
N4==>L14   1   1    1  0 0 1 0 0 1 0 0 
N4==>N17 1 1  1  1  1  2  2 2 0 2 0 2 0 2 
N4==>O17 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
N4==>S20 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
O17==>A13 1         0  0 0 0 0 0 0 0 0 
O17==>C9 1         5  5 0 0 0 0 0 0 0 
O17==>D11 1         1  1 0 0 0 0 0 0 0 
O17==>D5 1         0  0 0 0 0 0 0 0 0 
O17==>J18 1         1  1 0 0 0 0 0 0 0 
O17==>K5 1 1  1    1  0  0 0 0 0 0 0 0 0 
O17==>L10 1 1        1  1 1 0 0 0 0 0 0 
O17==>L13 1         3  3 0 0 0 0 0 0 0 
O17==>L14 1   1      2  2 0 0 2 0 0 0 0 
O17==>L18       1   0  0 0 0 0 0 0 0 0 
O17==>L2 1 1  1    1  0  0 0 0 0 0 0 0 0 
O17==>L6 1 1      1  14  14 14 0 0 0 0 0 14 
O17==>L7 1 1      1  0  0 0 0 0 0 0 0 0 
O17==>L8 1 1      1  1  1 1 0 0 0 0 0 1 
O17==>M16 1         3  3 0 0 0 0 0 0 0 
O17==>M3 1 1  1 1   1  3  3 3 0 3 3 0 0 3 
O17==>N4 1 1  1  1  1  6  6 6 0 6 0 6 0 6 
O4==>N17 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
O4==>O17 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
S20==>C9       1 1  0  0 0 0 0 0 0 0 0 
S20==>F11  1        0  0 0 0 0 0 0 0 0 
S20==>F6 1         0  0 0 0 0 0 0 0 0 
S20==>F7  1        0  0 0 0 0 0 0 0 0 
S20==>G11  1        0  0 0 0 0 0 0 0 0 
S20==>I18  1     1   0  0 0 0 0 0 0 0 0 
S20==>K10 1         0  0 0 0 0 0 0 0 0 
S20==>K11 1         0  0 0 0 0 0 0 0 0 
S20==>K12 1         0  0 0 0 0 0 0 0 0 
S20==>K13 1         0  0 0 0 0 0 0 0 0 
S20==>K14  1        0  0 0 0 0 0 0 0 0 
S20==>K18  1     1   0  0 0 0 0 0 0 0 0 
S20==>K4 1 1  1    1  0  0 0 0 0 0 0 0 0 
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S20==>K5 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>K8 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>Kaiapoi       1   0  0 0 0 0 0 0 0 0 
S20==>L10 1 1        0  0 0 0 0 0 0 0 0 
S20==>L12 1 1        0  0 0 0 0 0 0 0 0 
S20==>L13 1         0  0 0 0 0 0 0 0 0 
S20==>L14 1         0  0 0 0 0 0 0 0 0 
S20==>L18       1   0  0 0 0 0 0 0 0 0 
S20==>L3 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
S20==>L4 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
S20==>L5 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>L6 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>L7 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>L8 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>L9 1 1        0  0 0 0 0 0 0 0 0 
S20==>Lincoln 1         0  0 0 0 0 0 0 0 0 
S20==>M15 1         0  0 0 0 0 0 0 0 0 
S20==>M16 1         0  0 0 0 0 0 0 0 0 
S20==>M18       1   0  0 0 0 0 0 0 0 0 
S20==>M3 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
S20==>M4 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>M8 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>N17 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>N3 1 1  1 1 1  1  0  0 0 0 0 0 0 0 0 
S20==>N4 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
S20==>O4 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
S20==>Rangiora       1   0  0 0 0 0 0 0 0 0 
S20==>Rolleston 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
O17==>Rangiora 1         0  0 0 0 0 0 0 0 0 
O17==>M15 1         15  15 0 0 0 0 0 0 0 
O17==>G11 1         4  4 0 0 0 0 0 0 0 
O17==>K12 1         1  1 0 0 0 0 0 0 0 
O17==>L12 1 1        2  2 2 0 0 0 0 0 0 
O17==>I18 1         1  1 0 0 0 0 0 0 0 
O17==>F11 1         0  0 0 0 0 0 0 0 0 
O17==>Kaiapoi 1         2  2 0 0 0 0 0 0 0 
O17==>K11 1         0  0 0 0 0 0 0 0 0 
O17==>K14 1         0  0 0 0 0 0 0 0 0 
O17==>K15 1         0  0 0 0 0 0 0 0 0 
DickeysRd==>O17 1         2  2 0 0 0 0 0 0 0 
G11==>O17 1         2  2 0 0 0 0 0 0 0 
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K15==>O17 1         1  1 0 0 0 0 0 0 0 
G6==>O17 1         0  0 0 0 0 0 0 0 0 
D5==>O17 1         0  0 0 0 0 0 0 0 0 
D11==>O17 1         0  0 0 0 0 0 0 0 0 
J17==>O17 1         0  0 0 0 0 0 0 0 0 
L15==>O17 1         0  0 0 0 0 0 0 0 0 
O17==>M18       1   0  0 0 0 0 0 0 0 0 
L2==>M7    1      1  0 0 0 1 0 0 0 0 
TOTAL TRIPS             346 256 31 250 108 56 27 218 
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Appendix 21: Congestion Analysis (Scenario Three, Busy Week) 
 Control Point Passed (yes/no)    Trips per Point 
Journey A B C D E F G H  #Trips  A B C D E F G H 
A13==> O17 1         4  4 0 0 0 0 0 0 0 
A13==>S20       1   0  0 0 0 0 0 0 0 0 
C9==>O17 1         1  1 0 0 0 0 0 0 0 
C9==>S20       1   0  0 0 0 0 0 0 0 0 
D11==>S20       1   0  0 0 0 0 0 0 0 0 
D5==>S20       1   0  0 0 0 0 0 0 0 0 
DickeysRd==>S20  1        0  0 0 0 0 0 0 0 0 
F12==>N17 1         0  0 0 0 0 0 0 0 0 
F6==>L6    1      1  0 0 0 1 0 0 0 0 
F6==>N17 1         4  4 0 0 0 0 0 0 0 
F6==>O17 1         3  3 0 0 0 0 0 0 0 
F6==>S20       1   0  0 0 0 0 0 0 0 0 
F7==>O17 1         0  0 0 0 0 0 0 0 0 
G11==>L2    1      0  0 0 0 0 0 0 0 0 
G11==>N17 1         7  7 0 0 0 0 0 0 0 
G11==>S20       1   0  0 0 0 0 0 0 0 0 
G6==>L10   1       0  0 0 0 0 0 0 0 0 
G6==>S20       1   0  0 0 0 0 0 0 0 0 
I18==>L2   1 1      0  0 0 0 0 0 0 0 0 
I18==>O17 1         3  3 0 0 0 0 0 0 0 
I18==>S20       1   0  0 0 0 0 0 0 0 0 
J14==>N17 1         0  0 0 0 0 0 0 0 0 
J17==>L2   1 1      0  0 0 0 0 0 0 0 0 
J17==>S20       1   0  0 0 0 0 0 0 0 0 
J18==>L10   1       0  0 0 0 0 0 0 0 0 
K10==>L6   1 1      0  0 0 0 0 0 0 0 0 
K11==>N17 1         1  1 0 0 0 0 0 0 0 
K12==>O17 1         1  1 0 0 0 0 0 0 0 
K13==>N17 1         1  1 0 0 0 0 0 0 0 
K14==>N17 1         1  1 0 0 0 0 0 0 0 
K15==>L2   1 1      0  0 0 0 0 0 0 0 0 
K15==>N17 1         0  0 0 0 0 0 0 0 0 
K15==>S20       1   0  0 0 0 0 0 0 0 0 
K18==>L2   1 1      0  0 0 0 0 0 0 0 0 
K18==>S20       1   0  0 0 0 0 0 0 0 0 
K4==>O17 1 1  1    1  0  0 0 0 0 0 0 0 0 
K5==>K15   1 1      1  0 0 1 1 0 0 0 0 
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K5==>L12   1 1      0  0 0 0 0 0 0 0 0 
K5==>L13   1 1      2  0 0 2 2 0 0 0 0 
K5==>L14   1 1      1  0 0 1 1 0 0 0 0 
K5==>N17 1 1  1    1  5  5 5 0 5 0 0 0 5 
K5==>O17 1 1 1 1    1  2  2 2 2 2 0 0 0 2 
K5==>S20 1 1  1    1  0  0 0 0 0 0 0 0 0 
K7==>O17 1 1      1  1  1 1 0 0 0 0 0 1 
K8==>L14   1       1  0 0 1 0 0 0 0 0 
K8==>O17 1 1      1  1  1 1 0 0 0 0 0 1 
K9==>O17 1 1 1       0  0 0 0 0 0 0 0 0 
Kaiapoi==>L6    1      1  0 0 0 1 0 0 0 0 
Kaiapoi==>N17 1         1  1 0 0 0 0 0 0 0 
Kaiapoi==>O17 1         2  2 0 0 0 0 0 0 0 
L10==>L2    1      9  0 0 0 9 0 0 0 0 
L10==>L3   1 1 1     0  0 0 0 0 0 0 0 0 
L10==>L5   1 1      2  0 0 2 2 0 0 0 0 
L10==>L6    1      1  0 0 0 1 0 0 0 0 
L10==>M15  1        0  0 0 0 0 0 0 0 0 
L10==>M3    1 1     3  0 0 0 3 3 0 0 0 
L10==>N17 1 1        4  4 4 0 0 0 0 0 0 
L10==>N4    1  1    6  0 0 0 6 0 6 0 0 
L10==>O17 1 1        0  0 0 0 0 0 0 0 0 
L10==>S20 1 1        0  0 0 0 0 0 0 0 0 
L12==>L2   1 1      0  0 0 0 0 0 0 0 0 
L12==>O17 1 1        1  1 1 0 0 0 0 0 0 
L12==>S20 1 1        0  0 0 0 0 0 0 0 0 
L13==>L10   1       0  0 0 0 0 0 0 0 0 
L13==>L2   1 1      0  0 0 0 0 0 0 0 0 
L13==>L9        1  1  0 0 0 0 0 0 0 1 
L13==>N17 1         2  2 0 0 0 0 0 0 0 
L13==>O17 1         4  4 0 0 0 0 0 0 0 
L13==>S20 1         0  0 0 0 0 0 0 0 0 
L14==>L10   1       6  0 0 6 0 0 0 0 0 
L14==>L6    1      3  0 0 0 3 0 0 0 0 
L14==>L8   1       3  0 0 3 0 0 0 0 0 
L14==>M16 1         0  0 0 0 0 0 0 0 0 
L14==>N17 1         5  5 0 0 0 0 0 0 0 
L14==>N4   1 1      0  0 0 0 0 0 0 0 0 
L14==>O17 1         1  1 0 0 0 0 0 0 0 
L15==>L2   1 1      0  0 0 0 0 0 0 0 0 
L15==>S20 1         0  0 0 0 0 0 0 0 0 
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L18==>L2   1 1      0  0 0 0 0 0 0 0 0 
L18==>S20       1   0  0 0 0 0 0 0 0 0 
L2==>G11    1      0  0 0 0 0 0 0 0 0 
L2==>I18   1 1      0  0 0 0 0 0 0 0 0 
L2==>K11   1 1      0  0 0 0 0 0 0 0 0 
L2==>K12    1      0  0 0 0 0 0 0 0 0 
L2==>K13   1 1      0  0 0 0 0 0 0 0 0 
L2==>K14   1 1      0  0 0 0 0 0 0 0 0 
L2==>K18   1 1      0  0 0 0 0 0 0 0 0 
L2==>K8    1      2  0 0 0 2 0 0 0 0 
L2==>K9    1      0  0 0 0 0 0 0 0 0 
L2==>L10   1 1      3  0 0 3 3 0 0 0 0 
L2==>L12   1 1      0  0 0 0 0 0 0 0 0 
L2==>L13   1 1      0  0 0 0 0 0 0 0 0 
L2==>L14   1 1      0  0 0 0 0 0 0 0 0 
L2==>L18   1 1      0  0 0 0 0 0 0 0 0 
L2==>L5     1     9  0 0 0 0 9 0 0 0 
L2==>L6     1     23  0 0 0 0 23 0 0 0 
L2==>L7    1      12  0 0 0 12 0 0 0 0 
L2==>L8    1      10  0 0 0 10 0 0 0 0 
L2==>L9    1      3  0 0 0 3 0 0 0 0 
L2==>M15  1  1    1  0  0 0 0 0 0 0 0 0 
L2==>M16 1 1  1    1  0  0 0 0 0 0 0 0 0 
L2==>M18   1 1   1   0  0 0 0 0 0 0 0 0 
L2==>M8    1      17  0 0 0 17 0 0 0 0 
L2==>N16  1  1    1  0  0 0 0 0 0 0 0 0 
L2==>N17 1 1  1    1  0  0 0 0 0 0 0 0 0 
L2==>N18 1 1  1    1  0  0 0 0 0 0 0 0 0 
L2==>N19   1 1   1   0  0 0 0 0 0 0 0 0 
L2==>O17 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L2==>O18 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L3==>L14  1  1 1   1  2  0 2 0 2 2 0 0 2 
L3==>N17 1 1  1 1   1  3  3 3 0 3 3 0 0 3 
L3==>O17 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
L3==>S20 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L4==>L12   1 1 1     0  0 0 0 0 0 0 0 0 
L4==>L14   1 1 1     1  0 0 1 1 1 0 0 0 
L4==>N17 1 1  1 1   1  6  6 6 0 6 6 0 0 6 
L4==>O17 1 1  1 1   1  2  2 2 0 2 2 0 0 2 
L4==>S20 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
L5==>F6     1     1  0 0 0 0 1 0 0 0 
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L5==>L10   1 1      1  0 0 1 1 0 0 0 0 
L5==>L14   1 1      0  0 0 0 0 0 0 0 0 
L5==>L2     1     3  0 0 0 0 3 0 0 0 
L5==>L7    1      3  0 0 0 3 0 0 0 0 
L5==>L9    1      1  0 0 0 1 0 0 0 0 
L5==>N17 1 1  1   1   12  12 12 0 12 0 0 12 0 
L5==>N4      1    1  0 0 0 0 0 1 0 0 
L5==>O17 1 1  1   1   38  38 38 0 38 0 0 38 0 
L5==>S20 1 1  1   1   0  0 0 0 0 0 0 0 0 
L6==>L10   1 1      1  0 0 1 1 0 0 0 0 
L6==>L14   1 1 1     3  0 0 3 3 3 0 0 0 
L6==>L2     1     10  0 0 0 0 10 0 0 0 
L6==>L8    1      1  0 0 0 1 0 0 0 0 
L6==>N17 1 1  1    1  4  4 4 0 4 0 0 0 4 
L6==>O17 1 1  1    1  5  5 5 0 5 0 0 0 5 
L6==>O4      1    1  0 0 0 0 0 1 0 0 
L6==>S20 1 1  1    1  0  0 0 0 0 0 0 0 0 
L7==>L14   1     1  1  0 0 1 0 0 0 0 1 
L7==>L2     1     3  0 0 0 0 3 0 0 0 
L7==>N17 1 1      1  12  12 12 0 0 0 0 0 12 
L7==>O17 1 1      1  4  4 4 0 0 0 0 0 4 
L7==>S20 1 1      1  0  0 0 0 0 0 0 0 0 
L8==>L14  1 1       1  0 1 1 0 0 0 0 0 
L8==>L2    1      4  0 0 0 4 0 0 0 0 
L8==>L6    1      1  0 0 0 1 0 0 0 0 
L8==>N17 1 1      1  8  8 8 0 0 0 0 0 8 
L8==>O17 1 1      1  1  1 1 0 0 0 0 0 1 
L8==>S20 1 1      1  0  0 0 0 0 0 0 0 0 
L9==>L14  1      1  6  0 6 0 0 0 0 0 6 
L9==>L2    1      1  0 0 0 1 0 0 0 0 
L9==>N17 1 1      1  3  3 3 0 0 0 0 0 3 
L9==>O17 1 1      1  4  4 4 0 0 0 0 0 4 
L9==>S20 1 1      1  0  0 0 0 0 0 0 0 0 
Lincoln==>S20 1         0  0 0 0 0 0 0 0 0 
M15==>L10  1        2  0 2 0 0 0 0 0 0 
M15==>N17 1         1  1 0 0 0 0 0 0 0 
M16==>L10  1        1  0 1 0 0 0 0 0 0 
M16==>L2  1  1    1  0  0 0 0 0 0 0 0 0 
M16==>O17 1         4  4 0 0 0 0 0 0 0 
M16==>S20 1         0  0 0 0 0 0 0 0 0 
M18==>O17       1   2  0 0 0 0 0 0 2 0 
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M3==>K5     1     2  0 0 0 0 2 0 0 0 
M3==>L14   1 1 1     3  0 0 3 3 3 0 0 0 
M3==>N17 1 1  1 1   1  12  12 12 0 12 12 0 0 12 
M3==>O17 1 1  1 1   1  16  16 16 0 16 16 0 0 16 
M3==>S20 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
M4==>L14   1 1      1  0 0 1 1 0 0 0 0 
M4==>N17 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
M4==>O17 1 1  1    1  6  6 6 0 6 0 0 0 6 
M4==>S20 1 1  1    1  0  0 0 0 0 0 0 0 0 
M7==>K5    1      0  0 0 0 0 0 0 0 0 
M7==N17 1 1      1  0  0 0 0 0 0 0 0 0 
M8==>L14        1  2  0 0 0 0 0 0 0 2 
M8==>N17 1 1      1  9  9 9 0 0 0 0 0 9 
M8==>O17 1 1      1  3  3 3 0 0 0 0 0 3 
N17==>A13 1         2  2 0 0 0 0 0 0 0 
N17==>DickeysRd 1         4  4 0 0 0 0 0 0 0 
N17==>I18 1         0  0 0 0 0 0 0 0 0 
N17==>K12 1         5  5 0 0 0 0 0 0 0 
N17==>K13 1         0  0 0 0 0 0 0 0 0 
N17==>K14 1         1  1 0 0 0 0 0 0 0 
N17==>K15 1         1  1 0 0 0 0 0 0 0 
N17==>K5 1 1  1    1  6  6 6 0 6 0 0 0 6 
N17==>K9 1  1       1  1 0 1 0 0 0 0 0 
N17==>L10 1 1      1  2  2 2 0 0 0 0 0 2 
N17==>L12 1 1        3  3 3 0 0 0 0 0 0 
N17==>L13 1         2  2 0 0 0 0 0 0 0 
N17==>L14 1         7  7 0 0 0 0 0 0 0 
N17==>L15 1         1  1 0 0 0 0 0 0 0 
N17==>L2 1 1  1    1  0  0 0 0 0 0 0 0 0 
N17==>L4 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
N17==>L5 1 1  1    1  1  1 1 0 1 0 0 0 1 
N17==>L6 1 1  1    1  9  9 9 0 9 0 0 0 9 
N17==>L7 1 1      1  8  8 8 0 0 0 0 0 8 
N17==>L8 1 1      1  2  2 2 0 0 0 0 0 2 
N17==>L9 1 1      1  0  0 0 0 0 0 0 0 0 
N17==>Lincoln 1         2  2 0 0 0 0 0 0 0 
N17==>M16 1         3  3 0 0 0 0 0 0 0 
N17==>M3 1 1  1 1   1  1  1 1 0 1 1 0 0 1 
N17==>M4 1 1  1      4  4 4 0 4 0 0 0 0 
N17==>N3 1 1  1 1   1  6  6 6 0 6 6 0 0 6 
N17==>N4 1 1  1  1  1  38  38 38 0 38 0 38 0 38 
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N3==>K5     1     5  0 0 0 0 5 0 0 0 
N3==>N17 1 1  1 1   1  21  21 21 0 21 21 0 0 21 
N3==>O17 1 1  1 1   1  2  2 2 0 2 2 0 0 2 
N4==>K5     1     1  0 0 0 0 1 0 0 0 
N4==>L10   1 1  1    1  0 0 1 1 0 1 0 0 
N4==>L14   1   1    0  0 0 0 0 0 0 0 0 
N4==>N17 1 1  1  1  1  4  4 4 0 4 0 4 0 4 
N4==>O17 1 1  1  1  1  2  2 2 0 2 0 2 0 2 
N4==>S20 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
O17==>A13 1         2  2 0 0 0 0 0 0 0 
O17==>C9 1         4  4 0 0 0 0 0 0 0 
O17==>D11 1         0  0 0 0 0 0 0 0 0 
O17==>D5 1         1  1 0 0 0 0 0 0 0 
O17==>J18 1         1  1 0 0 0 0 0 0 0 
O17==>K5 1 1  1    1  2  2 2 0 2 0 0 0 2 
O17==>L10 1 1        0  0 0 0 0 0 0 0 0 
O17==>L13 1         3  3 0 0 0 0 0 0 0 
O17==>L14 1   1      13  13 0 0 13 0 0 0 0 
O17==>L18       1   6  0 0 0 0 0 0 6 0 
O17==>L2 1 1  1    1  0  0 0 0 0 0 0 0 0 
O17==>L6 1 1      1  6  6 6 0 0 0 0 0 6 
O17==>L7 1 1      1  2  2 2 0 0 0 0 0 2 
O17==>L8 1 1      1  0  0 0 0 0 0 0 0 0 
O17==>M16 1         8  8 0 0 0 0 0 0 0 
O17==>M3 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
O17==>N4 1 1  1  1  1  9  9 9 0 9 0 9 0 9 
O4==>N17 1 1  1  1  1  1  1 1 0 1 0 1 0 1 
O4==>O17 1 1  1  1  1  1  1 1 0 1 0 1 0 1 
S20==>C9       1 1  0  0 0 0 0 0 0 0 0 
S20==>F11  1        0  0 0 0 0 0 0 0 0 
S20==>F6 1         0  0 0 0 0 0 0 0 0 
S20==>F7  1        0  0 0 0 0 0 0 0 0 
S20==>G11  1        0  0 0 0 0 0 0 0 0 
S20==>I18  1     1   0  0 0 0 0 0 0 0 0 
S20==>K10 1         0  0 0 0 0 0 0 0 0 
S20==>K11 1         0  0 0 0 0 0 0 0 0 
S20==>K12 1         0  0 0 0 0 0 0 0 0 
S20==>K13 1         0  0 0 0 0 0 0 0 0 
S20==>K14  1        0  0 0 0 0 0 0 0 0 
S20==>K18  1     1   0  0 0 0 0 0 0 0 0 
S20==>K4 1 1  1    1  0  0 0 0 0 0 0 0 0 
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S20==>K5 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>K8 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>Kaiapoi       1   0  0 0 0 0 0 0 0 0 
S20==>L10 1 1        0  0 0 0 0 0 0 0 0 
S20==>L12 1 1        0  0 0 0 0 0 0 0 0 
S20==>L13 1         0  0 0 0 0 0 0 0 0 
S20==>L14 1         0  0 0 0 0 0 0 0 0 
S20==>L18       1   0  0 0 0 0 0 0 0 0 
S20==>L3 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
S20==>L4 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
S20==>L5 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>L6 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>L7 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>L8 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>L9 1 1        0  0 0 0 0 0 0 0 0 
S20==>Lincoln 1         0  0 0 0 0 0 0 0 0 
S20==>M15 1         0  0 0 0 0 0 0 0 0 
S20==>M16 1         0  0 0 0 0 0 0 0 0 
S20==>M18       1   0  0 0 0 0 0 0 0 0 
S20==>M3 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
S20==>M4 1 1  1    1  0  0 0 0 0 0 0 0 0 
S20==>M7 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>M8 1 1      1  0  0 0 0 0 0 0 0 0 
S20==>N3 1 1  1 1 1  1  0  0 0 0 0 0 0 0 0 
S20==>N4 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
S20==>O4 1 1  1  1  1  0  0 0 0 0 0 0 0 0 
S20==>Rangiora       1   0  0 0 0 0 0 0 0 0 
S20==>Rolleston 1 1  1 1   1  0  0 0 0 0 0 0 0 0 
O17==>Rangiora 1         2  2 0 0 0 0 0 0 0 
O17==>M15 1         5  5 0 0 0 0 0 0 0 
O17==>G11 1         10  10 0 0 0 0 0 0 0 
O17==>K12 1         1  1 0 0 0 0 0 0 0 
O17==>L12 1 1        1  1 1 0 0 0 0 0 0 
O17==>I18 1         1  1 0 0 0 0 0 0 0 
O17==>F11 1         1  1 0 0 0 0 0 0 0 
O17==>Kaiapoi 1         1  1 0 0 0 0 0 0 0 
O17==>K11 1         1  1 0 0 0 0 0 0 0 
O17==>K14 1         1  1 0 0 0 0 0 0 0 
O17==>K15 1         1  1 0 0 0 0 0 0 0 
DickeysRd==>O17 1         5  5 0 0 0 0 0 0 0 
G11==>O17 1         2  2 0 0 0 0 0 0 0 
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K15==>O17 1         2  2 0 0 0 0 0 0 0 
G6==>O17 1         0  0 0 0 0 0 0 0 0 
D5==>O17 1         0  0 0 0 0 0 0 0 0 
D11==>O17 1         0  0 0 0 0 0 0 0 0 
J17==>O17 1         1  1 0 0 0 0 0 0 0 
L15==>O17 1         1  1 0 0 0 0 0 0 0 
O17==>M18       1   3  0 0 0 0 0 0 3 0 
TOTAL TRIPS             436 306 35 333 139 64 61 243 
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Appendix 22: Congestion Control Point Raw Analysis 
 
Control Point Scenario One Scenario Two Scenario Three 
Average 
Week 
Busy 
Week 
Total Average 
Week 
Busy 
Week 
Total Average 
Week 
Busy 
Week 
Total 
A: Intersection 
of Brougham 
Street and 
Garlands Road  
525 721 1,246 415 536 951 346 436 782 
B: Intersection 
of Brougham 
Street and 
Colombo 
Street 
470 685 1,155 402 484 886 256 306 562 
C: Intersection 
of Blenheim 
Road and 
Matipo Street 
29 32 61 52 157 209 31 35 66 
D: Sockburn 
Roundabout 
370 503 873 435 659 1,094 250 333 583 
E: Intersection 
of Main South 
Road and 
Carmen Road 
124 189 313 133 209 342 108 139 247 
F: Intersection 
of Springs 
Road and 
Halswell 
Junction Road 
116 155 271 56 63 119 56 64 120 
G: Intersection 
of Tunnel Road 
and Ferry Road 
65 186 251 27 60 87 27 61 88 
H: Christchurch 
Southern 
Motorway 
402 522 924 367 423 790 218 243 461 
Total Trips 
 
2101 2993 5094 1887 2591 4478 1292 1617 2909 
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Appendix 23: Congestion Control Point Scaled Analysis  
(Average Week of 5,270 TEU through the Port, Rounded to nearest whole Number of Movements) 
 
Control Point Scenario One Scenario Two Scenario Three 
Average 
Week 
Busy 
Week 
Total Average 
Week 
Busy 
Week 
Total Average 
Week 
Busy 
Week 
Total 
A: Intersection 
of Brougham 
Street and 
Garlands Road  
4788 6576 11364 3772 4872 8645 3187 4016 7202 
B: Intersection 
of Brougham 
Street and 
Colombo 
Street 
4286 6247 10534 3654 4400 8054 2358 2818 5176 
C: Intersection 
of Blenheim 
Road and 
Matipo Street 
264 292 556 473 1427 1900 286 322 608 
D: Sockburn 
Roundabout 
3374 4587 7962 3954 5990 9944 2303 3067 5369 
E: Intersection 
of Main South 
Road and 
Carmen Road 
1131 1724 2855 1209 1900 3109 995 1280 2275 
F: Intersection 
of Springs 
Road and 
Halswell 
Junction Road 
1058 1414 2472 509 573 1082 516 589 1105 
G: Intersection 
of Tunnel Road 
and Ferry Road 
593 1696 2289 245 545 791 249 562 810 
H: Christchurch 
Southern 
Motorway 
3666 4761 8427 3336 3845 7181 2008 2238 4246 
Total Trips 
 
19161 27296 46457 17153 23552 40705 11899 14893 26792 
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Appendix 24: Fuel Usage Analysis 
 
 
 
Appendix 25: Fuel Usage Analysis (Scaled) 
 
 
 Scenario One Scenario Two Scenario Three 
Average 
Week 
Busy 
Week 
Total Average 
Week 
Busy 
Week 
Total Average 
Week 
Busy 
Week 
Total 
Diesel Used by 
Road  
6,648 L 9,767 L 16,415 L 5,516 L 8,128 L 13,644 L 3,896 L 5,464 L 9,360 L 
Diesel Used by 
Rail 
N/A N/A N/A 1,456 L 2,240 L 3,696 L 1,086 L 1,536 L 2,622 L 
Total Diesel 
Used 
6,648 L 9,767 L 16,415 L 6,972 L 10,368 L 17,340 L 4,982 L 7,000 L 11,982 L 
Diesel Used 
per TEU Moved  
5.44 L 5.34 L 5.38L 5.69 L 5.64 L 5.66 L 4.25 L 4.07 L 4.14 L 
Change per 
TEU vs. 
Baseline 
N/A N/A N/A +4.6% +5.6% +5.2% -21.9% -23.8% -23.0% 
 Scenario One Scenario Two Scenario Three 
Average 
Week 
Busy Week Total Average 
Week 
Busy Week Total Average 
Week 
Busy Week Total 
Diesel Used by 
Road  
60,630 L 89,075 L 149,705 
L 
50,140 L 73,884 L 124,024 
L 
35,882 L 50,323 L 86,206 L 
Diesel Used by 
Rail 
N/A N/A N/A 13,235 L 20,362 L 33,597 L 10,002 L 14,147 L 24,149 L 
Total Diesel 
Used 
60,630 L 89,075 L 149,705 
L 
63,375 L 94,245 L 157,621 
L 
45,884 L 64,470 L 110,354 
L 
Diesel Used 
per TEU Moved  
5.44 L 5.34 L 5.4 L 5.69 L 5.64 L 5.66 L 4.25 L 4.07 L 4.14 L 
Change per 
TEU vs. 
Baseline 
N/A N/A N/A +4.6% +5.6% +5.2% -21.9% -23.8% -23.0% 
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Appendix 26: Energy Usage Analysis 
 
*Calculated using unrounded figures 
 
 
Appendix 27: Energy Usage Analysis (Scaled) 
*Calculated using unrounded figures 
 
 Scenario One Scenario Two Scenario Three 
Average 
Week 
Busy Week Total Average 
Week 
Busy Week Total Average 
Week 
Busy Week Total 
Energy Used by 
Road  
239,328 
MJ 
351,612 
MJ 
590,940 
MJ 
198,576 
MJ 
292,608 
MJ 
491,184 
MJ 
140,256 
MJ 
196,704 
MJ 
336,960 
MJ 
Energy Used by 
Rail 
N/A N/A N/A 52,416 
MJ 
80,640 
MJ 
133,056 
MJ 
39,096 
MJ 
55,296 
MJ 
94,392 
MJ 
Total Energy 
Used 
239,328 
MJ 
351,612 
MJ 
590,940 
MJ 
250,992 
MJ 
373,248 
MJ 
624,240 
MJ 
179,352 
MJ 
252,000 
MJ 
431,352 
MJ 
Energy Used 
per TEU Moved  
196 MJ 192 MJ 194 MJ 205 MJ 203 MJ 204 MJ 153 MJ 147 MJ 149 MJ 
Change per 
TEU vs. 
Baseline* 
N/A N/A N/A +4.6% +5.6% +5.2% -21.9% -23.8% -23.0% 
 Scenario One Scenario Two Scenario Three 
Average 
Week 
Busy Week Total Average 
Week 
Busy Week Total Average 
Week 
Busy Week Total 
Energy Used by 
Road  
2,182,671 
MJ 
3,206,701 
MJ 
5,389,372 
MJ 
1,805,056 
MJ 
2,659,807 
MJ 
4,464,863 
MJ 
1,291,758 
MJ 
1,811,644 
MJ 
3,103,402 
MJ 
Energy Used by 
Rail 
N/A N/A N/A 476,461 
MJ 
733,018 
MJ 
1,209,479 
MJ 
360,074 
MJ 
509,276 
MJ 
869,350 
MJ 
Total Energy 
Used 
2,182,671 
MJ 
3,206,701 
MJ 
5,389,372 
MJ 
2,281,517 
MJ 
3,392,825 
MJ 
5,674,342 
MJ 
1,651,832 
MJ 
2,320,920 
MJ 
3,972,752 
MJ 
Energy Used 
per TEU Moved  
196 MJ 192 MJ 194 MJ 205 MJ 203 MJ 204 MJ 153 MJ 147 MJ 149 MJ 
Change per 
TEU vs. 
Baseline* 
N/A N/A N/A +4.6% +5.6% +5.2% -21.9% -23.8% -23.0% 
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Appendix 28: CO2 Emission Analysis 
 Scenario One Scenario Two Scenario Three 
Average 
Week 
Busy Week Total Average 
Week 
Busy Week Total Average 
Week 
Busy Week Total 
CO2 Produced 
by Road  
175,507g 257,849g 433,356g 145,622g 214,579g 360,201g 102,854g 144,250g 247,104g 
CO2 Produced 
by Rail 
N/A N/A N/A 38,438g 59,136g 97,574g 28,671g 40,550g 69,221g 
Total  Direct 
CO2 Produced 
175,507g 257,849g 433,356g 184,060g 273,715g 457,775g 134,525g 184,800g 316,325g 
Indirect CO2 
Produced 
28,587g 41,998g 70,585g 299,80g 44,582g 74,562g 21,423g 30,100g 51,523g 
Total CO2 
Produced 
204,094g 299,847g 503,941g 214,040g 318,297g 532,337g 155,948g 214,900g 367,848g 
CO2 Produced 
per TEU Moved  
167g 164g 165g 175g 173g 174g 133g 125g 127g 
Change per 
TEU vs. 
Baseline* 
N/A N/A N/A +4.6% +5.6% +5.2% -21.9 % -23.8% -23.0% 
*Calculated using unrounded figures  
 
 
Appendix 29: CO2 Emission Analysis (Scaled) 
 Scenario One Scenario Two Scenario Three 
Average 
Week 
Busy Week Total Average 
Week 
Busy Week Total Average 
Week 
Busy Week Total 
CO2 Produced 
by Road  
1,600,624
g 
2,351,583
g 
3,952,207
g 
1,323,704
g 
1,950,523
g 
3,274,227
g 
947,285g 1,328,543
g 
2,275,828
g 
CO2 Produced 
by Rail 
N/A N/A N/A 349,402g 537,546g 886,948g 264,060g 373,466g 637,525g 
Total  Direct 
CO2 Produced 
1,600,624
g 
2,351,583
g 
3,952,207
g 
1,673,106
g 
2,488,069
g 
4,161,175
g 
1,238,975
g 
1,702,008
g 
2,913,353
g 
Indirect CO2 
Produced 
260,713g 383,022g 643,735g 272,518g 405,250g 677,768g 197,306g 277,221g 474,527g 
Total CO2 
Produced 
1,861,337
g 
2,734,605
g 
4,595,942
g 
1,945,624
g 
2,893,329
g 
4,838,943
g 
1,436,281
g 
1,979,229
g 
3,387,880
g 
CO2 Produced 
per TEU Moved  
167g 164g 165g 175g 173g 174g 133g 125g 127g 
Change per 
TEU vs. 
Baseline* 
N/A N/A N/A +4.6% +5.6% +5.2% -21.9 % -23.8% -23.0% 
*Calculated using unrounded figures  
 
 
 
 
 
